Banana-coffee system cropping guide by Wairegi, L.W.I. et al.
Lydia Wairegi, Piet van Asten, Ken Giller and Thomas Fairhurst
Banana-coffee  
system cropping 
guide
iii
Africa Soil Health Consortium: Banana–coffee system 
cropping guide
By Lydia Wairegi (CABI), Piet van Asten (IITA), Ken Giller (WUR) 
and Thomas Fairhurst (TCCL)
© CAB International 2014
Please cite this publication as: Wairegi, L.W.I., van Asten, P.J.A., 
Giller, K.E. & Fairhurst, T. (2014) Banana–coffee system cropping 
guide. Africa Soil Health Consortium, Nairobi.
This publication is licensed under a Creative Commons 
Attribution 3.0 Unported License.
Creative Commons License:
You are free: 
•	 to	share	—	to	copy,	distribute	and	transmit	the	work
•	 to	remix	—	to	adapt	the	work
•	 to	make	commercial	use	of	the	work.
Under	the	following	conditions:
•	 	Attribution—	You	must	attribute	the	work	in	the	manner	
specified	by	the	author	or	licensor	(but	not	in	any	way	that	
suggests	that	they	endorse	you	or	your	use	of	the	work).
With the understanding that:
•	 	Waiver	—	Any	of	the	above	conditions	can	be	waived	if	you	
get permission from the copyright holder.
•	 	Public Domain	—	Where	the	work	or	any	of	its	elements	is	
in	the	public	domain	under	applicable	law,	that	status	is	in	no	
way	affected	by	the	license.
•	 	Other Rights —	In	no	way	are	any	of	the	following	rights	
affected by the license:
iv
•	 	Your	fair	dealing	or	fair	use	rights,	or	other	applicable	
copyright	exceptions	and	limitations;
•	 The	author’s	moral	rights;
•	 	Rights	other	persons	may	have	either	in	the	work	itself	
or	in	how	the	work	is	used,	such	as	publicity	or	privacy	
rights.
Notice	—	For	any	reuse	or	distribution,	you	must	make	 
clear	to	others	the	license	terms	of	this	work	 
(http://creativecommons.org/licenses/by/3.0/). 
Limits of liability
Although the authors have used their best efforts to 
ensure	that	the	contents	of	this	book	are	correct	at	the	
time of printing, it is impossible to cover all situations. The 
information	is	distributed	on	an	‘as	is’	basis,	without	warranty.
Neither the authors nor the publisher shall be liable for any 
liability,	loss	of	profit,	or	other	damages	caused	or	alleged	
to	have	been	caused	directly	or	indirectly	by	following	the	
guidelines	in	this	book.
About the publisher
The ASHC mission is to improve the livelihoods of 
smallholder farmers through adoption of integrated soil 
fertility management (ISFM) approaches that optimize 
fertilizer	use	efficiency	and	effectiveness.
ASHC	books	are	available	at	special	discounts	for	bulk	
purchases. Special editions, foreign language translations 
and	excerpts,	can	also	be	arranged.
ISBN: 9781780644929
vAddresses of authors
Lydia Wairegi   Piet van Asten
CABI    International Institute of Tropical Agriculture
ICRAF	Complex	 	 P.O.	Box	7878
P.O.	Box	633-00621	 	 Kampala
Nairobi    Uganda
Kenya    p.vanasten@cgiar.org
ASHC@cabi.org	 	 www.iita.org
www.cabi.org/ashc
Ken Giller   Thomas Fairhurst
Wageningen University  Tropical Crop Consultants Ltd
P.O.	Box	430	 	 	 26	Oxenturn	Road,
6700 AK Wageningen  Wye,
The Netherlands  Kent TN25 5B
Ken@wur.nl	 	 	 United	Kingdom
www.pps.wur.nl		 	 tfairhurst@tropcropconsult.com
	 	 	 	 www.tropcropconsult.com
When coffee and bananas are competing for nutrients 
and	water,	bananas	generally	suffer	more.	But	under	good	
management,	coffee	benefits	from	the	shade	and	mulch	from	
bananas.	That’s	why	Professor	J.Y.K	Zake	(a	soil	scientist	
based in Uganda) said “...take care of your bananas, and 
your bananas will take care of your coffee...” as bananas 
seem	to	be	the	weaker	link	in	the	system.
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11. Introduction
This	guide	is	designed	for	people	working	with	smallholder	
farmers,	including	extension	workers,	grass-root	NGOs,	
community-based	organizations,	as	well	as	researchers.	It	
provides	essential	technical	information	that	will	help	farmers	
to	select	the	most	appropriate	methods	to	manage	fields	
intercropped	with	banana	and	coffee.
The importance of banana and coffee crops in Africa cannot be 
overstated. From the highlands of East Africa to the humid forest 
zone	of	West	Africa	and	the	lowlands	of	Central	Africa,	banana	is	
a	key	staple	food	and	an	important	source	of	income	for	farmers	
who	trade	in	local,	national	or	regional	markets.	By	contrast,	
coffee	is	a	major	cash	crop	for	export,	generating	significant	
incomes	to	national	economies.	About	30%	of	the	world’s	banana	
and	plantain	and	11%	of	the	world’s	coffee	are	grown	in	Africa.
The	vast	majority	of	smallholder	farmers	in	regions	where	these	
crops	are	grown	work	with	less	than	2	hectares	(ha)	land.	These	
smallholders	need	to	find	ways	to	increase	yields	by	intensifying	
crop management of both banana and coffee in their limited land 
holdings.
In a banana–coffee cropping system, the banana provides shade 
for	coffee	that	is	beneficial	in	reducing	stresses	caused	by	
extreme	temperatures	and	strong	winds.	Coffee	trees	grow	well	
under	moderate	shade	(less	than	50%),	which	can	help	improve	
and stabilize coffee yield and quality. Shade helps to reduce the 
occurrence	of	overbearing	dieback	in	coffee	and	also	reduce	yield	
losses caused by drought.
The	banana	also	provides	mulch	and	the	soil	cover	that	benefits	
both crops. The mulch improves root development in both banana 
and coffee, and improves availability of potassium (K) in the 
topsoil, due to the large biomass turnover. The permanent canopy 
and root systems of banana reduce soil losses due to erosion and 
2surface	wash	by	reducing	the	impact	of	rainfall	on	the	topsoil.
Bananas	and	coffee	can	grow	well	together,	but	optimizing	
conditions for both crops requires careful management in order to 
avoid	excessive	competition	for	light,	water	and	nutrients	between	
the	two	crops.
In several parts of East Africa, smallholder farmers have 
already	discovered	the	benefits	of	growing	bananas	and	coffee	
intercropped	together	in	the	same	field.	Nonetheless,	the	practice	
did not receive much attention from researchers, until recently. 
This	prevented	extension	officers	helping	farmers	to	adopt	the	
practice in a sustainable and productive manner.
This	guide	describes	how	to	intercrop	banana	and	coffee	in	a	
productive,	profitable	and	sustainable	way.
For	a	glossary	of	words	and	phrases	used	in	the	guide	see	
Section 11.
32. Banana and coffee intercrop systems
Banana and coffee
Banana and coffee are important crops in East, Central and West 
Africa (Figure 1).
The	many	types	of	banana	grown	in	Africa	can	be	grouped	
according	to	how	the	fruit	is	used,	i.e.	cooked,	roasted,	processed	
for	juice	or	eaten	as	a	dessert	fruit	(Photo	1).	The	cooking	banana	
is	common	in	the	East	African	highlands	while	the	roasting	banana	
(or plantain) is more prevalent in West Africa and parts of Central 
Africa. In this guide, the term banana is used to refer to all types of 
bananas	and	plantains,	except	where	it	is	necessary	to	refer	to	a	
specific	type.
Two	types	of	coffee	are	commonly	grown:	Arabica	coffee	and	
Robusta	coffee.	The	market	price	of	Arabica	coffee	is	higher	than	for	
Robusta	because	it	has	more	refined	taste	characteristics	that	give	it	
a	more	favoured	place	in	the	market.	Arabica	coffee	requires	a	cooler	
climate	and	is	therefore	grown	at	higher	altitudes	(typically	1,000–
2,000	masl)	than	Robusta	(below	1,500	masl).
Banana–coffee intercrop systems
The	main	advantage	of	intercropping	banana	with	coffee	is	
that	the	system	is	usually	more	profitable	and	resilient	than	the	
production	of	either	crop	grown	as	monocrops.
This	pocket	guide	describes	how	to	manage	intercropped	
banana–coffee	systems.	We	describe	how	you	can:
 • 	establish	new	fields	with	banana–coffee	intercrops	using	 
either Arabica or Robusta coffee, depending on the prevailing 
agro-ecological	conditions
 • plant	coffee	in	existing	banana	fields
 • plant	bananas	in	existing	coffee	fields.	
Success	in	growing	intercropped	bananas	and	coffee	depends	
4to	a	large	extent	on	an	adequate	supply	of	nutrients	from	the	
soil, recycled crop residues that also provide mulch and mineral 
fertilizers. Both banana and coffee yield much less than their 
potential if poor soil fertility is not corrected by the addition of 
manure, compost and/or mineral fertilizers.
Fertilizer	costs	can	be	reduced	by	making	sure	that	crop	residues	
-	particularly	banana	pseudostems	and	leaves	but	also	coffee	
prunings	-	are	returned	to	the	soil.	In	addition,	a	good	mulch	
layer ensures the development of strong root systems that in turn 
improves	the	recovery	of	nutrients,	whether	applied	in	the	form	of	
fertilizers or crop residues. 
In	this	guide	we	describe	an	approach	called	integrated	soil	
fertility management (ISFM) that aims to combine organic and 
mineral sources of nutrients to optimize crop response and 
sustain the productivity of the farming system. More information 
on ISFM can be found in the ASHC sister publication Handbook 
for Integrated Soil Fertility Management (Fairhurst, 2012) 
downloadable	from	the	ASHC	website.
Banana	and	coffee	are	both	commonly	grown	as	monocrops,	but	
in densely populated regions of Uganda and Tanzania more than 
half	the	farmers	now	grow	them	together	in	the	same	field	as	an	
intercrop (Photo 2). When intercropped, bananas are planted at a 
lower	density	than	in	monocrops	and	the	bananas	provide	shade	
and	mulch	to	coffee	planted	between	rows	of	bananas	(see	Table	
7 on spacing).
Banana and coffee are perennial crops – they need to be carefully 
managed	by	pruning	the	coffee	trees	and	desuckering	the	banana	
plants to maintain an optimal crop leaf canopy of both coffee and 
banana plants.
5Temperature decreases by 0.5–0.7oC for every 100 m increase in 
altitude.	Therefore,	at	higher	altitudes,	where	the	weather	is	cooler	
and	wetter,	banana	can	be	intercropped	with	Arabica	coffee	whilst	
at	lower	altitudes	banana	can	be	intercropped	with	Robusta	coffee	
(Table 1). 
Some	Arabica	varieties	(e.g.	Catimor)	can	be	grown	at	lower	
altitude	in	regions	where	Robusta	is	common,	primarily	because	
such varieties are resistant to coffee leaf rust (CLR) but at this 
altitude,	the	quality	tends	to	be	impaired	and	shade	must	always	
be	used	to	prevent	overbearing	dieback.	However,	several	
‘traditional’	Arabica	varieties	do	not	perform	very	well	at	low	altitudes	
(below	1400	m)	due	to	the	less	favourable	weather	and	higher	pest	
and disease pressure.
Figure 1.	 Map	showing	the	distribution	of	banana–coffee	systems	in	sub–Saharan	Africa.
Banana growing area
No banana cultivation
No data
6Photo 1. Banana types. (A)	The	highland	cooking	banana,	a	major	food	and	cash	crop	in	
East	Africa.	Sale	of	bunches	contributes	to	export	of	nutrients	from	the	farm.	(B) Plantain 
common in West Africa. (C)	Beer	banana	used	to	brew	beer	for	household	consumption	
and	the	local	market.	(D)	FHIA	25,	a	cooking	banana	that	is	highly	resistant	to	black	
sigatoka	and	produces	large	bunches,	produced	by	the	Honduran	Foundation	for	
Agricultural Research.
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7When establishing banana and coffee plantations, annual crops can 
be	grown	in	between	the	banana	and	coffee	for	one	to	two	years	to	
provide some income before the bananas and coffee are ready for 
harvesting.	Suitable	crops	include	tomatoes	(coffee	benefits	when	
tomatoes	are	sprayed	with	fungicides)	and	bush	beans	(legume	
crops	provide	nitrogen-rich	crop	residues	that	benefit	the	coffee	and	
banana plants). These short duration crops should be planted so that 
Photo 2. Banana–coffee	system	where	banana	canopy	is	about	1–2m	above	coffee	and	
provides good shade for coffee.
IITA
Table 1. Agro-ecological	conditions	in	production	areas	for	banana–coffee	systems	in	
sub-Saharan	Africa.
System Zone Percentage of cultivated area used 
for banana–coffee systems
Rainfall Altitude Length of 
growing 
period
West Central East mm masl days
Banana-
Robusta
Sub-humid 16 29 16 1000–1500 <1500 180–270
Humid 10 59 2 >1500 <1500 >270
Banana-
Arabica
Highlands* 0 4 12 >1000 >1500 –
*Defined	as	those	areas	in	the	semi-arid,	sub-humid	and	humid	zones	of	SSA	where,	because	of	higher	altitude,	
mean	daily	temperature	during	the	growing	period	is	<20°C.
8a	clear	space	of	0.5–1.0	m	is	maintained	between	the	intercrops	and	
the banana and coffee plants. Young banana–coffee systems should 
not	be	intercropped	with	climbing	crop	plants	(e.g.	climbing	beans).
Although	the	banana	plants	grow	very	large	they	are	actually	
monocotyledonous	(i.e.	like	maize,	sugarcane	and	grasses)	and	
have	no	woody	parts.	They	have	an	underground	stem	called	a	
corm	at	the	base	of	the	plant.	What	looks	like	the	stem	is	actually	
a	pseudostem	or	‘false	stem’,	made	up	of	overlapping	leaf	
sheaths. 
Bananas	generally	flower	between	8–16	months	after	sucker	
planting	and	the	first	harvest	matures	3–4	months	later	(Table	2).	
Farmers	must	therefore	wait	11–20	months	from	planting	suckers	
until	the	first	harvest	of	banana	fruit.	The	banana	crop	cycle	
duration is generally longer for taller varieties and cooler climates 
found at higher altitude.
Only	one	bunch	of	bananas	is	produced	on	each	pseudostem,	
after	which	the	mother	plant	dies	and	should	be	cut	back	at	soil	
level and the pseudostem cut into pieces and spread over the 
soil surface to provide a mulch layer and prevent proliferation of 
banana	weevils.	
As	the	planted	sucker	grows	to	become	the	mother	plant,	other	
suckers	develop	from	its	corm	to	form	a	‘banana	mat’	(or	family	
of	banana	plants)	(Figure	2).	The	best	daughter	sucker	must	be	
selected in each mat and is retained to replace the mother plant 
that	is	felled	at	harvest.	Other	suckers	are	removed	to	prevent	
overcrowding.	
A	sucker	that	is	growing	from	a	mother	plant	gets	some	nutrients	
from	the	mother,	especially	if	the	mother	has	not	yet	flowered.	
After	flowering,	however,	the	flow	of	sugars	and	nutrients	from	the	
mother	plant	to	the	sucker	is	reduced	because	the	mother	starts	
to divert all the products of photosynthesis to feed the developing 
fruit bunch.
9By	the	time	the	bunch	from	the	‘mother’	stem	is	ready	for	
harvesting,	the	mat	should	have	two	other	young	plants	of	
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different	ages,	i.e.	a	‘daughter’	and	a	‘granddaughter’	(Figure	2;	
Photo	3).	After	the	mother	has	been	harvested,	another	sucker	is	
selected from the granddaughter, so that three plants of different 
ages are maintained on each mat at any time. 
The	period	between	harvests	within	a	mat	depends	on	the	speed	
with	which	follower	suckers	develop	and	mature	and	is	influenced	
by	the	timing	of	sucker	selection,	rainfall	and	soil	fertility	status,	
among other factors. With good soil and crop management, a mat 
can produce a bunch in 10–12 months. With a population of 740 
mats/ha, intercropped bananas have a yield potential of about 
960	bunches/ha.	Bunch	weight	ranges	from	30–50	kg	so	the	yield	
potential	from	bananas	in	an	intercropped	field	ranges	from	29–48	
t/ha/year.
In	a	new	banana	field,	the	first	generation	of	planted	bananas	will	
reach maturity and harvest at about the same time. After three to 
Figure 2.	 Evolution	of	banana	mats	from	planted	suckers	to	mature	mats.
Newly planted
sucker
Young 
banana plant
Immature mother 
with daughter
Banana mat comprising a mother, 
daughter and grand-daughter
6–12 months4–6 months 12–24 months
22–42 months
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Photo 3. Each banana mat 
should have three generations of 
plants i.e. mother, daughter and 
granddaughter to ensure bunch 
harvests are regular, the mats do 
not	die-out	the	desired	banana	
population is maintained.
IITA
four	cycles	(i.e.	after	about	three	years),	however,	plants	mature	at	
different times during the year and, as a result, crop production is a 
continuous process. 
Bananas	flower	more	and	initiate	larger	bunches	in	the	wet	season	
compared	with	the	dry	season	and	this	explains	pronounced	
seasonality	of	production	in	areas	where	there	is	a	distinct	wet	
season.
Not	surprisingly,	banana	prices	are	lowest	during	the	peak	
production	period,	when	there	is	a	glut	in	the	market,	and	highest	
when	bunches	are	scarce	during	the	low	crop	period.	So,	selection	
of	follower	suckers	should	depend	on	farmer’s	objectives:
 • If	production	is	for	the	market,	suckers	that	will	mature	during	
peak	price	periods	should	be	selected.
 • If	production	is	for	household	food,	focus	should	be	to	make	
sure that the plantation produces bunches throughout the year.
Roots	of	banana	grow	from	the	corm	
and vary from 50–200 cm in length. 
Most of the roots are found in the 
surface of the soil up to a depth of 30 
cm	(Photo	4)	and	a	dense	network	
of roots develops directly under the 
mulch.
Generally, coffee produces the 
first	crop	3–4	years	after	planting	
although	some	of	the	new	selections	
start producing about a year earlier 
(Table	2).	For	example,	clonal	
Robusta coffee established from 
cuttings	produces	the	first	yield	
about	two	years	after	field	planting.
Coffee	plants	flower	about	a	week	
after the start of the rainy season, 
12
resulting	in	two	harvests	in	regions	close	to	the	equator	with	
bimodal	rainfall.	For	example	in	west	Uganda,	where	rains	occur	in	
April-May	and	September-November,	the	main	crop	is	harvested	
in	April-June	and	the	fly-crop	in	October-January	
Coffee	berries	are	harvested	6–8	months	after	flowering	in	Arabica	
coffee	and	9–12	months	after	flowering	in	Robusta	coffee	(Figure	
3).	Yield	increases	with	each	harvest	and	stabilizes	at	about	the	
fifth	year	after	planting,	provided	proper	pruning	is	carried	out	
each year.
Like	banana,	coffee	has	a	shallow	root	system	with	most	of	the	
feeder roots found in the surface 20 cm of soil. Most of the roots 
of	coffee	bushes	are	found	around	60-90	cm	(Arabica)	and	150	cm	
(Robusta) from the base of each coffee bush.
In	contrast	with	plants	raised	by	vegetative	propagation	(clonal),	
coffee	grown	from	seed	develops	a	central	tap	root,	which	penetrates	
to a depth of 0.5–1.0 m, and sometimes reaches a depth of >4 m. 
Plants	with	a	tap	root	can	scavenge	for	water	more	effectively	when	
the	water	table	drops	during	the	dry	season.	For	this	reason,	when	
planting seedlings (particularly 
where	the	tap	root	has	bent	
upwards	in	seedlings	raised	in	
polybags) the tap root should be 
straightened gently so that the tap 
root	grows	downwards.	The	tap	
root	will	not	penetrate	deep	into	the	
soil	if	the	seedling	is	planted	with	
a	‘hooked’	tap	root.	Do	not	cut	the	
tap root – it is not replaced!
Banana and coffee can be 
planted at the same time in 
a banana–coffee intercrop 
Photo 4. Fertilizer should be placed 
close	to	the	soil	surface	where	most	
roots	and	care	should	be	taken	when	
carrying	out	management	practices	like	
weeding	so	as	not	to	damage	the	roots.
IITA
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system. Alternatively, coffee can 
be	introduced	in	existing	banana	
plantations but the banana 
population may need to be thinned 
to	provide	sufficient	space	for	the	
coffee trees. Similarly, banana can 
be	planted	in	an	existing	coffee	
plantation but the coffee trees may 
need to be pruned and thinned to 
create space for the banana plants.
Robusta has more above–ground biomass and a more dense root 
system,	and	therefore	competes	more	strongly	with	banana	than	
Arabica coffee. For this reason, the plant population of Robusta 
coffee in banana–coffee intercrops is smaller at about 1100 trees/
ha	compared	with	Arabica	which	is	planted	at	about	2200	trees/ha	
in intercrops (Table 8).
As	we	shall	see,	to	maintain	banana	yields	in	banana–coffee	
systems, the coffee must be correctly spaced and pruned to 
minimize	competition	from	the	coffee	trees.	Insufficient	and	
incorrect pruning is a very common problem in banana–coffee 
intercrops. 
Correct timing, frequency, and sequencing of operations (e.g. 
pruning coffee trees after the harvesting season) are crucial for 
successful management of banana–coffee systems (Figure 4). 
Advantages and disadvantages of intercropping banana  
and coffee
Banana	provides	the	coffee	with	shade,	which	reduces	stress	
on	coffee	due	to	wide	variation	in	temperature	within	the	coffee	
leaf	canopy	and	wind	damage.	Young	coffee	trees	grow	well	
when	grown	under	shade,	and	shade	improves	coffee	yield	and	
bean	quality	in	mature	coffee	when	moderate	amounts	of	mineral	
Figure 3. Coffee green beans are enclosed in several 
layers that comprise the harvested berry.
Epicarp, exocarp (skin)
Pericarp (pulp)
Endocarp (parchment)
Silver skin (bean coat)
Bean
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fertilizer are used. Shade can also prevent or at least minimize the 
incidence	of	the	condition	overbearing	dieback	in	coffee.
The banana also provides mulch to the cropping system. The 
mulch supports good root development for both the banana mats 
and the coffee trees and can improve the availability of potassium 
(K) in the topsoil, due to the large biomass turnover. 
The leaf canopy, root system and mulch provided by banana help 
to minimize soil losses and improve soil moisture conservation.
Bananas	and	coffee	can	grow	well	together,	but	establishing	the	best	
conditions for both crops requires careful management of the soil and 
crop	leaf	canopies.	For	example,	if	the	shade	provided	by	banana	
is too dense (more than 50%), coffee yields may also be reduced. 
Conversely,	the	yield	of	bananas	will	be	small	if	there	are	only	a	few	
banana	mats	and	coffee	may	be	insufficiently	shaded	leading	to	
overbearing	dieback.	Robusta	may	even	compete	with	banana	so	
aggressively that the banana population decreases until banana 
yields	are	insignificant.
Figure 4. Annual cropping calendar of banana–coffee system in West Uganda.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Coffee
De-suckering
Pruning
Foliar fertilizer
Pest
Harvesting
Banana
De-suckering
De-trashing
Corm removal
Harvesting
Both crops
External mulch
Hand weeding
Fertilizer
Manure
Timeline
Tasks
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There is also a strong 
interaction	between	shade	
and fertilizer use in coffee 
production. Coffee can 
produce	high	yields	without	
shade	when	large	amounts	of	
mineral fertilizer are applied. 
Fertilizer	inputs	will	only	have	
a limited effect on yield if 
coffee is densely shaded but 
if fertilizer is not applied to unshaded coffee, the trees may initially 
yield	well	but	later	many	branches	will	die	back.	This	is	called	
‘overbearing	dieback’	(Figure	5).
The	basic	principles	for	managing	the	interactions	between	shade	
and fertilizer on coffee production are:
 • 	Where	soil	fertility	is	poor,	coffee	grown	under	shade	often	yields	
better and is a more resilient system (i.e. plantation life is longer 
and	production	more	stable)	than	coffee	grown	without	shade.	
 •  If shade is too dense the yield potential of coffee is reduced and 
the	coffee	will	respond	poorly	to	fertilizer.	Adding	fertilizers	to	coffee	
that is heavily shaded is not recommended because the increase 
in	coffee	yield	may	not	be	sufficient	to	cover	the	investment	in	
fertilizer. Reducing the number of bananas to reduce shade can 
improve	the	benefits	of	fertilizer	in	such	fields.
So, canopy management is important to ensure the required 
balance	between	banana	mats	and	coffee	plants.	Coffee	needs	to	
be	pruned	properly	otherwise	the	coffee	trees	grow	too	tall,	shade	
the	banana	mats	and	impede	the	development	of	new	banana	
suckers
Coffee	bears	more	berries	on	‘new-wood’,	therefore,	coffee	should	
be pruned so that stems are replaced continuously by selecting 
a	few	suckers	as	replacement	stems	each	year.	Carbohydrates	
produced	by	photosynthesis	are	wasted	when	large	stumps	and	
Figure 5. Effect of shade and fertilizer 
inputs on yield and yield stability in coffee.
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an	excessive	number	of	old	stems	are	retained	on	the	coffee	trees.
The major advantage of properly managed banana–coffee 
intercrops is that there is increased productivity and revenue 
per unit area of land (Figures 6 and 7). This is demonstrated by 
calculating the land equivalent ratio (LER)	where:
LER
yield of ercropbanana
yield of monocropbanana
yiel
=
⎡
⎣
⎢
⎤
⎦
⎥
+
int d of ercropcoffee
yield of monocropcoffee
int⎡
⎣
⎢
⎤
⎦
⎥
This	equation	allows	us	to	compare	the	yield	of	intercrop	with	
the yield of monocrops per unit area. Yields should be measured 
and entered into the equation in tonnes per hectare (t/ha). When 
intercrops	yield	greater	than	sole	crops	grown	over	the	same	area	the	
LER is greater than 1. 
For	example,	if	the	yield	of	monocrops	is	1.5	t/ha	coffee	and	 
25 t/ha banana and the yield of banana–coffee system is 1 t/ha 
coffee	and	15	t/ha	banana,	the	LER	is	calculated	as	follows:
LER = ⎡
⎣
⎢
⎤
⎦
⎥
+
⎡
⎣
⎢
⎤
⎦
⎥
=
15
25
1
1 5
1 26
.
.
In	this	example,	the	overall	yield	is	greater	in	intercrops	compared	
with	monocrops.
Revenues	and	profitability	are	often	greater	in	banana–coffee	
intercrops	compared	with	monocrops	(Figure	7).	Return	to	labour	
is also often higher in banana–coffee systems because less labour 
is	required	when	the	crops	are	grown	together	than	the	same	area	
of monocrops.
In	addition,	intercropping	banana	and	coffee	reduces	the	risk	
faced	by	farmers	when	cultivating	monocrops.	For	example,	it	is	
unlikely	that	both	crops	will	be	affected	at	the	same	time	by	pests,	
disease,	or	drought	stress	and	market	prices	for	both	crops	are	
generally	unlikely	to	‘crash’	simultaneously.	
Growing	bananas	in	young	coffee	plantations	also	ensures	that	the	
farmer gets some returns from the land before the coffee reaches 
the productive stage.
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Based on the above equation, LERs for the data presented in 
Figure	10	were	calculated	as	follows:
LER Arabicasystem = ⎡
⎣
⎢
⎤
⎦
⎥
+
⎡
⎣
⎢
⎤
⎦
⎥
=
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.
.
.
.
.
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⎤
⎦
⎥
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⎤
⎦
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=
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In	these	examples,	the	
advantage of intercropping 
compared	with	
monocropping is greater in 
Arabica–banana compared 
with	Robusta–banana	
system. Intercropping 
banana and coffee can save 
on the labour requirements. 
For	example,	both	crops	
benefit	from	mulch	applied	
to the soil surface. In turn, 
the	mulch	suppresses	weed	
growth,	reducing	the	labour	
required	to	weed	coffee	when	
grown	as	a	monocrop.
Yield gaps
In perennial cropping systems, 
mistakes	made	during	crop	
establishment mean that there 
is	a	yield	gap	between	site–
specific	attainable	yield	and	
actual yield (Figure 8). Such 
yield gaps persist throughout 
the life span of the intercrop 
but can be minimized by 
Figure 6.	 Yields	of	banana	and	coffee	grown	
as a monocrop and intercrop in Uganda.
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Figure 7. Revenue of monocropped coffee 
versus intercropped banana and coffee in 
Uganda.
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careful establishment of the system. Common causes of yield gaps 
include	the	following:
 •  Use of inferior planting materials.
 • 	Off–types	of	banana	and	coffee	planted	in	the	field.
 •  Incorrect plant spacing.
Yield	gaps	between	site–specific	attainable	yield	and	actual	yields	
can	be	reduced	by	the	following	practices	(Figure	8):
 •  Planting carefully selected coffee and banana plants at the right 
spacing
 • Use of crop residues as mulch
 • Application of mineral fertilizers to supply nutrients
 • Control of pests and diseases
 • 	Proper	agronomic	management	(i.e.	pruning,	weed	control,	
drainage) of the crops.
This	will	ensure	that	the	nutrients	applied	are	taken	up	and	used	
efficiently	by	the	plant	and	recycled	back	to	the	soil	in	crop	
residues.
The	farmer	should	always	aim	for	yields	that	give	the	best	
economic returns. Aiming for the highest possible yield may not 
give	the	greatest	profit	and	therefore,	as	a	rule	of	thumb,	farmers	
should	aim	for	60–80%	of	the	site	specific	attainable	yield	in	order	
to	achieve	efficient	use	of	inputs	and	good	economic	returns.
The maximum yields recorded in monocrops in Uganda are above 
70 t/ha/year for banana, above 3 t/ha/year for Robusta coffee 
(green bean) and above 2 t/ha/year for Arabica coffee (green bean). 
In most farms, actual yields of banana and coffee tend to be less 
than	30%	of	these	maximum	yields.
Recent	field	surveys	show	that	yields	obtained	by	most	farmers	
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Figure 8. Contribution of selected 
agronomic constraints to yield in 
banana–coffee systems.
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Site specific attainable yield
in Uganda are about 10–20 t/ha/year of fresh banana but the best 
farmers achieve more than 30 t/ha/year (Wairegi, 2011).
According	to	FAO,	coffee	yields	
in Uganda average about  
0.6 t/ha/year of green beans but 
the best yields are about  
2 t/ha/year for both Arabica and 
Robusta coffee. The yields in 
many	farms	are	obtained	with	
little or no use of fertilizers, 
less than optimal management 
and little attention to pest and 
disease control.
In each production zone it 
is helpful to collate available 
information	to	determine	site	yield	potential	and	maximum	
economic	yields	for	bananas	and	coffee	grown	as	intercrops	and	
monocrops. 
For	example,	in	east	Uganda	we	estimate	that	the	site	yield	
potential for banana is 66 t/ha/year in monocrops and 44 t/ha/year 
in intercrops, and for coffee about 2.5 t/ha/year in both monocrops 
and	intercrops.	By	contrast,	in	west	Uganda,	the	yield	potential	for	
banana is 66 t/ha/year in monocrops but 30 t/ha/year in intercrops, 
and the yield for coffee is about 3 t/ha/year in both intercrops and 
monocrops (Table 3). 
The	substantially	reduced	yields	in	banana	intercropped	with	
Robusta could be partly because Robusta can form a more 
extensive	root	system	than	Arabica	and	hence	could	be	more	
competitive. 
Pest and disease pressure on banana tends to be localized and 
the incidence of pests and diseases in coffee depends mainly on 
the	variety	grown.	Often,	pest	and	disease	pressure	decrease	with	
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an	increase	in	altitude.	For	example,	banana	weevils	are	greater	
problem	in	central	than	in	southwest	Uganda.	Robusta	coffee	is	
hardly	affected	by	coffee	rust,	which	can	reduce	yields	in	Arabica	
coffee	very	significantly	and	coffee	rust	damage	is	often	more	
severe	in	Arabica	coffee	with	poor	nutritional	status.	
It is therefore possible to improve yields and achieve good 
economic returns to investments in improved crop management 
by using moderate amounts of fertilizers, proper pruning and 
mulch management, and appropriate investments in pest and 
disease control. 
Table 3.	 Example	of	site	yield	potential	and	target	yield	of	monocrop	and	intercropped	
banana	and	coffee	in	east	and	west	Uganda.
Crop Yield (t/ha/year)
Site potential Target yield
Banana-Arabica Monocrop banana >66 40
Monocrop coffee >2.5 2
Intercrop banana >44 30
Intercrop coffee >2.5 2
Banana-Robusta Monocrop banana >66 40
Monocrop coffee >3.0 2.5
Intercrop banana >30 25
Intercrop coffee >3.0 2.5
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Key checks
Intercropping	banana	with	coffee	is	usually	more	profitable	and	
resilient	than	the	production	of	either	crop	grown	as	monocrops.
Intercropped bananas and coffee require an adequate supply of 
nutrients from the soil, recycled crop residues that also provide 
mulch and mineral fertilizers.
Banana and coffee need to be carefully managed by pruning the 
coffee	trees	and	desuckering	the	banana	plants	to	maintain	an	
optimal crop leaf canopy of both plants.
Above	1500	masl,	banana	can	be	intercropped	with	Arabica	
coffee;	at	lower	altitudes	banana	can	be	intercropped	with	
Robusta coffee. 
Banana and coffee can be planted at the same time in a 
banana–coffee intercrop system, or coffee can be introduced in 
existing	banana	plantations	(the	banana	population	may	need	
to	be	thinned	to	provide	sufficient	space	for	the	coffee	trees),	
or	banana	can	be	planted	in	an	existing	coffee	plantation	(the	
coffee trees may need to be pruned and thinned to create space 
for the banana plants).
The leaf canopy, root system and mulch provided by banana 
help to minimize soil losses and improve soil moisture 
conservation.
The major advantage of properly managed banana–coffee 
intercrops is that there is increased productivity and revenue per 
unit area of land.
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Intercropping	banana	and	coffee	reduces	the	risk	faced	by	
farmers;	it	is	unlikely	that	both	crops	will	be	affected	at	the	same	
time	by	pests,	disease,	or	drought	stress	and	market	prices	for	
both	crops	are	unlikely	to	‘crash’	simultaneously.
Yield	gaps	between	site–specific	attainable	yield	and	actual	
yields can be reduced by: 
 •  Planting carefully selected coffee and banana plants at the 
right spacing
 • Use of crop residues as mulch
 • Application of mineral fertilizers to supply nutrients
 • Control of pests and diseases
 • 	Proper	agronomic	management	(i.e.	pruning,	weed	control,	
drainage) of the crops.
Aim for yields that give the best economic returns: as a rule 
of	thumb,	farmers	should	aim	for	60–80%	of	the	site	specific	
attainable	yield	in	order	to	achieve	efficient	use	of	inputs	and	
good economic returns.
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3. Requirements for banana–coffee systems
Soils
Both	banana	and	coffee	grow	best	on	fertile	soils	with	loamy	
texture	and	good	water-holding	capacity.	Soils	should	be	
well-drained,	not	compacted	or	stony	and	at	least	2	m	deep.	
Deeper	soils	(more	than	3	m)	that	allow	coffee	plants	to	develop	
a	taproot	and	both	crops	to	develop	a	more	extensive	root	
system are preferred in areas affected by seasonal drought.
Large	inputs	of	crop	residues	and	animal	manure	will	be	required	
to	improve	the	water	holding	capacity	of	light	textured	soils	(e.g.	
sandy loams and loamy sands) and to improve nutrient storage 
and reduce leaching losses.
Coffee	grows	well	in	moderately	acid	soils	(pH	>5)	but	banana	
prefers	soils	with	higher	pH	(pH	above	5.5).
Both	crops	grow	best	in	soils	with	high	soil	exchangeable	
potassium	(above	0.3	cmol/kg)	and	total	nitrogen	(above	0.15%)	
status (Table 4).
Nevertheless,	the	banana–coffee	system	is	found	on	a	wide	range	
of soils. Banana–coffee systems are found in Uganda on strongly 
Table 4. Ideal soil characteristics for banana and coffee production.
Parameter Units Value
pH 1.5	soil/water >5
Organic	matter* % >3.0
Soil organic carbon** % >1.7
Total N % >0.15
Available P mg/kg >15
Exchangeable	K cmol/kg >0.3
Exchangeable	Ca cmol/kg >2
Exchangeable	Mg cmol/kg >2
*Soil organic matter = soil organic carbon × 1.72. **Soil organic carbon = soil organic matter × 0.58
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weathered	and	low	fertility	status	Ferralsols	with	sandy	clay	loam,	
sandy	clay,	and	clay	soil	texture	(Figure	9)	and	in	more	fertile	soils	
in the Albertine Rift Valley in the Democratic Republic of Congo 
(DRC) (Figure 10).
Soils under the banana–coffee system in Uganda generally 
contain quite large amounts of soil organic matter (more than 
Pest and disease pressure
Soil fertility
Plant density
Rainfall
Central Uganda
15 t/ha/cycle
East Rwanda
East Burundi
SW Uganda
Rusizi
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Figure 10.	 Cross	section	showing	
regions	from	the	Lake	Victoria	basin	to	
the	Albertine	Rift	Valley	where	bananas	
are	grown.
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Figure 9.	 Soil	texture	in	major	 
banana–coffee regions in Uganda.
Table 5.	 Selected	soil	properties	for	Central,	South	and	Southwest	Regions	in	Uganda.
Property Units Central South West East
Banana yield t/ha 15 15 22 28
pH – 6.4 6.7 5.6 6.3
Soil organic matter % 3.6 3.7 3.1 3.5
Total nitrogen % 0.2 0.2 0.2 0.2
Available P mg/kg 50 87 47 39
Exchangeable	K cmol/kg 1.7 2.5 1.5 3.8
Exchangeable	Ca cmol/kg 7.7 11.1 5.6 8.2
Exchangeable	Mg cmol/kg 1.5 2.5 1.3 1.8
K/(Ca+Mg) ratio – 0.2 0.2 0.3 0.4
Clay % 29 31 25 43
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3%) and are slightly acid (pH less than 7) (Table 5). Based on soil 
analysis, the soils seem to have large amounts of nutrients but 
fertilizer	trials,	foliar	analysis	and	visual	observations	have	shown	
that	deficiencies	exist	(see	below).	A	nutrient	deficiency	map	can	
be constructed based on soil and foliar analysis, and calculated 
nutrient imbalances in plants (Figure 11).
Extensive	trials	in	farmers’	fields	in	Uganda	and	other	parts	of	
East	Africa	have	shown	that	poor	soil	fertility	limits	production	
of banana and coffee in 
the vast majority of cases 
(Wairegi, 2011). Nitrogen, 
phosphorus, potassium and 
magnesium are the nutrients 
most commonly found to 
be limiting, but the relative 
importance of each nutrient 
deficiency	varies	between	
regions.	For	example,	whilst	
many soils in Uganda are 
N	and	P	deficient,	the	low	
nutrient status Ferralsols 
of central Uganda are also 
deficient	in	K	and	plants	on	
the volcanic areas in east 
Uganda are often affected by 
Mg imbalances (Figure 11).
At	the	farm	scale,	fields	near	to	the	farm	homestead	are	
generally	more	fertile	than	more	distant	fields	because	household	
waste	(e.g.	banana	peelings,	sweepings),	crop	residues	and	
animal	manure	are	generally	applied	to	fields	close	to	the	farm	
homestead.
On	less	favourable	soils,	bananas	can	be	grown	at	higher	densities	
Figure 11.	 Nutrient	deficiency	map	for	
banana–coffee regions of Uganda.
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(i.e.	more	than	740	mats/ha)	without	affecting	coffee	yields	
because the banana plants are smaller and less competitive for 
light,	nutrients	and	water.
Agro–ecological environment
Banana-Arabica	systems	are	more	profitable	than	banana-
Robusta	systems	when	at	higher	altitudes	(above	1,500	masl)	
(Table	6).	However,	some	lowland	varieties	of	Arabica	(e.g.	
Catimor)	yield	well	at	lower	altitudes	(i.e.	above	600	masl),	though	
their	coffee	quality	profile	is	often	considered	to	be	inferior	to	the	
traditional coffee varieties.
Whilst the broad canopy of banana can reduce the impact of rain 
on the soil and therefore reduce soil losses, terraces and grass 
strips	should	be	used	to	minimize	soil	erosion	where	banana–
coffee	systems	are	planted	on	land	with	slopes	steeper	than	15%.
Insufficient	rainfall	(i.e.	less	than	900	mm/year)	and	soil	moisture	
deficits	can	be	major	limitations	leading	to	a	reduction	in	the	
size and number of banana bunches produced (Figure 12). The 
mulch cover provided by banana pseudostems and leaves and 
Table 6.	 Optimal	conditions	for	banana-Arabica	and	banana-Robusta	systems.
Parameter Units Banana-Arabica coffee Banana-Robusta coffee
Altitude masl 600–2000 200–800	(but	does	well	up	to	1500	in	
Uganda).
Slope % Level	to	gently	sloping.	Soil	conservation	required	where	slope	>15%.
Rainfall mm/yr 1200–1800 1200–1800 but can tolerate >2000.
Annual mean 
temperature
°C 18–21 22–26 but cannot tolerate temperatures 
<5–6 or long periods <15.
Frost Arabica coffee affected by frost. Frost does not occur.
Average annual humidity % 70–80 80–90
Wind and hail Banana	plants	are	damaged	by	strong	winds	and	wind	combined	with	hail.
Shade in banana Banana prefers full sunlight but tolerates light shade.
Shade in coffee Arabica coffee requires moderate 
shade.
Robusta coffee requires moderate 
shade and is hardier than Arabica.
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coffee prunings is therefore 
particularly valuable in areas 
with	marginal	rainfall.
Shade provided by bananas 
helps mitigate the adverse 
effects of hot and dry 
conditions	on	coffee	growth	
and production. Permanent 
shade is particularly 
important for Arabica coffee, 
particularly	when	fertilizer	use	
is erratic due to problems 
with	availability	and	cost.
Banana	plants	should	be	planted	about	six	months	before	
coffee	so	that	banana	mats	provide	sufficient	shade	when	coffee	
seedlings	are	planted	out.	Strong	winds	can	damage	even	
mature bananas by shredding and tearing leaves and uprooting 
plants.	If	strong	winds	are	a	frequent	occurrence,	a	windbreak	
of	trees	(e.g.	mbula,	nkulumire,	msenefu,	Croton megalocarpus) 
should	be	planted	in	rows	at	5–10	m	intervals	around	the	field	
before planting banana–coffee systems.
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Figure 12. Effect of rainfall on banana yield 
in	two	regions	in	Uganda.
28
Key checks
Select	deep,	well-drained	fertile	soil	with	good	water	holding	
capacity,	with	pH	above	5.
Deeper	soils	(more	than	3	m)	that	allow	coffee	plants	to	develop	
a	taproot	and	both	crops	to	develop	a	more	extensive	root	
system are preferred in areas affected by seasonal drought.
Poor soil fertility limits production of banana and coffee in most 
cases: N, P, K and Mg are the nutrients most commonly found to 
be limiting.
Establish	system	where	rainfall	is	more	than	900	mm/year.
Install soil conservation measures, such as terraces and grass 
strips,	on	land	with	slopes.
On	less	favourable	soils,	bananas	can	be	grown	at	higher	densities	
(i.e.	greater	than	740	mats/ha)	without	affecting	coffee	yields:	
the banana plants are smaller and less competitive for light, 
nutrients	and	water.
Mulch, provided by banana pseudostems and leaves and coffee 
prunings,	is	particularly	valuable	in	areas	with	marginal	rainfall.
If	strong	winds	are	a	frequent	occurrence,	a	windbreak	of	trees	
should	be	planted	around	the	field	before	planting	banana–
coffee systems.
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4. Establishing banana–coffee systems
Introduction
To avoid frequent replanting it is best to select a banana type that 
can	produce	bunches	over	many	cycles,	even	when	intercropped	
with	coffee.	For	example,	suckers	of	plantains	are	slow	to	establish,	
by	comparison	with	the	East	African	highland	banana,	until	after	the	
plantain	mother	stem	has	flowered.
Farmers in Uganda prefer taller banana varieties for intercropping 
because	the	banana	canopy	is	well	above	that	of	coffee	and	
therefore	does	not	compete	for	space	with	the	lower–storey	coffee	
trees.	The	choice	will	depend	on	the	production	objectives	of	the	
farmer,	such	as	whether	the	banana	is	grown	for	staple	food,	beer	
making	or	as	a	cash	crop.
Nurseries should be established or planting material suppliers 
identified	so	that	banana	plants	and	coffee	seedlings	are	available	
at	the	onset	of	the	planting	season.	Banana	suckers	require	about	
2–6 months and coffee seedlings about 12–18 months in the 
nursery.
The crops should preferably be planted at the beginning of the 
rainy	season	so	that	plants	establish	well	before	the	onset	of	dry	
weather	conditions.	To	achieve	a	population	of	about	740	banana	
mats and 2222 Arabica coffee plants per hectare, banana can be 
spaced at 4.5 m × 3 m, and coffee at 3 m × 1.5 m (Figure 13).
When banana–coffee crops are immature, they can be intercropped 
with	short	stature	annual	crops,	which	should	be	planted	0.5–1.0	m	
away	from	the	banana	and	coffee	plants.	The	annual	crops	provide	
some food and income for the farmer before the banana and coffee 
reach maturity.
Legume	crop	species	that	fix	nitrogen,	such	as	common	bush	
beans, are preferred because their crop residues provide nitrogen 
to	the	banana	and	coffee	when	returned	to	the	soil.
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Figure 13.	 Examples	of	spacing	and	plant	arrangements	for	Arabica	(a)	and	Robusta	(b)	
based banana–coffee systems.
In	addition,	annual	crops	help	to	suppress	growth	of	weeds	and	
provide	an	incentive	to	the	farmer	to	weed	around	the	young	
banana and coffee plants before the perennial crops start to yield.
Planting coffee in existing banana fields
The	first	step	is	to	make	an	assessment	of	the	density	of	banana	
mats	and	their	distribution	to	determine	whether	or	not	the	bananas	
need	to	be	thinned	before	interplanting	with	coffee.	As	a	rule	of	
thumb, there should be around 740 banana mats per ha in the area to 
be	interplanted	with	coffee	(see	Table	7	and	Figure	13).	If	thinning	is	
required,	remove	the	least	productive	or	diseased	mats	first.
About three months before the planned planting time (i.e. the 
start	of	the	rains),	mark	holes	for	planting	coffee	in	the	banana	
plantation (suggested plant spacings are given in Table 7).
In	an	old	banana	field	the	mats	are	no	longer	found	in	rows	
because the position of the mother stem moves each time a mat 
is	harvested	(Figure	2).	Marking	rows	for	coffee	planting	inevitably	
involves	some	compromises	to	fit	the	coffee	between	banana	
mats. The important point is to try to maintain, as far as possible, 
the ideal coffee spacing (Figure 13). Holes for planting coffee 
should be 0.4 m in diameter and 0.4 m deep.
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One	month	before	the	rains,	fill	the	hole	with	top	soil	mixed	with	
organic	manures	(e.g.	1:1:1	mixture	of	soil,	animal	manure	and	
compost),	0.1	kg	triple	superphosphate	(TSP),	nematicide	or	
insecticide	(if	pests	such	as	root	nematodes	or	termites	are	known	
to	be	a	problem)	and	0.1	kg	lime	(if	the	soil	pH	is	<4).	Heap	the	
soil	over	the	hole	to	allow	for	settling	and	top-up	with	the	soil	after	
one month, as required.
Plant	the	coffee	seedlings	when	rains	have	started	and	the	ground	is	
moist to about 60 cm depth.
The	space	between	the	banana	and	coffee	can	be	interplanted	
with	non–climbing	annual	crops	such	as	tomato	and	bush	beans.
If	the	shade	from	banana	is	not	sufficient,	shade	the	coffee	
seedlings	for	the	first	six	months	after	planting	using	leaves,	or	
other	plant	materials.	During	the	first	two	years	(Figure	14),	manage	
the banana mats carefully to ensure that they continue to provide 
shade	but	do	not	‘move’	to	within	1	m	of	the	young	coffee	trees.
Growth	of	banana	suckers	can	be	affected	by	coffee	as	the	trees	
grow	taller	and	bushier.	Therefore	manage	the	canopy	of	coffee	by	
pruning,	especially	by	the	third	year	after	coffee	planting,	to	make	
sure	that	emerging	banana	suckers	receive	adequate	light.
Table 7. Suggested plant spacing and planting densities for banana–coffee systems.
System Crop Spacing
DensityBetween row Within row
m M plants/ha
Monocrop Arabica 3 1.5 2222
Robusta 3 3 1111
Banana 3 3 1111
Intercropped Arabica coffee 3 1.5 2222
Banana 3 4.5 740
Robusta coffee 3 3 1111
Banana* 3,6* 3 740
*Double	rows,	3	m	between	the	two	rows,	6	m	between	double	rows
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Planting banana in existing coffee fields
Make	an	assessment	of	the	density	of	coffee	trees	and	their	
distribution	to	check	whether	the	coffee	needs	to	be	thinned	
before	interplanting	with	bananas.
As a rule of thumb, there should be about 1100 (Robusta) and 
2200	(Arabica)	trees	per	ha	in	the	area	to	be	interplanted	with	
banana (Figure 13).
It	may	be	necessary	to	remove	whole	rows	of	coffee	to	create	
sufficient	space	to	interplant	the	coffee	with	bananas.	Where	
possible,	the	least	productive	coffee	trees	should	be	removed	first.
Over–shading	of	banana	by	mature	coffee	can	be	a	serious	
problem	for	newly	planted	suckers.	To	avoid	over–shading	of	
young	banana	plants,	the	best	time	to	introduce	banana	would	be	
when	changing	the	cycle	of	coffee	(i.e.	rejuvenating	coffee	trees	
through	stumping	or	heavy	pruning).	The	change	takes	about	
two	years	(Figure	14)	and	this	would	provide	the	banana	plants	
with	sufficient	time	to	reach	maturity	before	the	coffee	returns	to	
production.
Banana	plant	establishment	can	also	be	carried	out	when	
improved coffee tree varieties are introduced in an old coffee 
plantation,	particularly	where	the	new	coffee	varieties	are	
introduced	by	top-working	(i.e.	grafting	new	varieties	on	to	old	
coffee	stems)	or	uprooting	and	replacing	the	existing	trees.	It	may	
also	be	possible	to	convert	a	field	of	coffee	over	several	years	by	
interplanting	a	portion	of	the	coffee	farm	with	bananas	each	year.
For	example,	to	change	the	cycle	of	coffee	over	a	three	year	
period,	the	coffee	field	can	be	partitioned	into	three	blocks,	and	
the	change	can	be	carried	out	in	one	block	each	year.
About	three	months	before	planting	time,	mark	positions	for	
banana plants and prepare planting holes (0.6 m deep by 0.6 m 
diameter).	One	month	before	the	rains,	fill	the	hole	with	topsoil	
mixed	with	organic	manures	(e.g.	1:1:1	mixture	of	soil,	animal	
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manure	and	compost),	0.2	kg	triple	superphosphate	(TSP)	(or	
other	fertilizers	like	0.2	kg	diammonium	phosphate	(DAP),	0.4	kg	
of NPK 17:17:17), nematicide or insecticide (if pests such as root 
nematodes	or	termites	are	known	to	be	a	problem),	and	0.2	kg	
lime	(if	the	soil	is	below	pH	4).	Heap	the	soil	over	the	hole	to	allow	
for	settling	and	top-up	with	the	soil	after	one	month,	as	required.
When	rains	start,	plant	banana	suckers	in	the	holes	and	then	sow	
annual	crops	in	remaining	open	spaces.	Banana	plants	will	be	
shorter	than	coffee	in	the	first	year.	This	means	that	the	canopy	of	
coffee needs to be reduced periodically by pruning to optimize the 
amount	of	shade	over	the	newly	planted	banana	suckers.
Establishment of new banana–coffee farms
Prepare	land	six	months	before	the	start	of	the	rainy	season	by	
removing	any	stumps	of	trees	and	woody	weeds.
Mark	the	position	of	planting	holes	for	both	banana	and	coffee	
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Figure 14. Stages in the development of banana–coffee systems from planting to harvest.
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(see Table 7 and Figure 13) and prepare the holes for banana three 
months before the start of the minor rains and for coffee three 
months before the start of the major rains. Bananas should be 
planted	at	least	six	months	before	the	coffee	(Figure	14).
It	may	be	beneficial	to	establish	some	temporary	shade	one	year	
before planting coffee seedlings using legume tree species, such 
as tephrosia (Tephrosia vogelii) or pigeonpeas (Cajanus cajan). 
The	temporary	shade	can	be	removed	gradually	during	the	first	
18	months	after	coffee	planting.	Over	this	period,	the	tephrosia	
prunings	provide	mulch	material	with	high	N	content	that	benefits	
both coffee and banana plants.
Sometimes the temporary shade trees are retained after the coffee 
has	reached	maturity.	For	example,	in	banana–coffee	systems	
around the base of Mount Kilimanjaro in Tanzania, shade and 
mulch in immature and mature phase is provided by grevillea 
(Grevillea robusta),	a	non-legume	timber	tree.
Choice of planting material: banana 
Choice of planting material is an important part of developing a 
productive	and	profitable	banana–coffee	system	because	of	the	
different economic uses and adaptation to different environments.
Types and varieties
The	East	African	highland	banana	(cooking/brewing)	is	common	in	
the	highlands	of	East	and	Central	Africa,	while	plantains	are	more	
popular	in	the	lowlands	of	Central	Africa	and	humid	forest	zone	of	
West Africa.
It is generally best to select banana types/cultivars for 
intercropping	that	have	the	following	characteristics:
 • Tall at maturity.
 •  Tolerant of stress (e.g. poor soil fertility, competition) but not 
excessively	competitive.
 • Robust enough to be harvested for many cycles.
35
 • Tolerant	of	shade,	especially	when	the	suckers	are	young.
 • 	Erect	leaves,	especially	when	young,	but	provide	shade	when	
mature.
The	following	varieties	are	used	commonly	in	East	and	West	Africa:
 •  The East African highland banana can be found in most banana 
growing	areas	in	East	Africa.
 • 	Pisang	Awak	or	Kayinja	(an	exotic	beer	banana)	is	grown	on	less	
fertile	soils	in	Rwanda	and	Uganda	
 • 	Yangambi	km5	is	popular	in	East	DRC,	Western	Rwanda,	and	
the	Rusizi	Valley	on	the	border	with	Burundi.
Varieties	that	have	a	very	vigorous	suckering	habit	(i.e.	produce	
many	suckers	per	mother	plant)	are	generally	not	preferred	
because	they	require	more	rigorous	and	labour	intensive	de-
suckering	in	order	to	avoid	excessive	competition.
Planting materials
Banana planting material for traditional varieties and hybrids is 
usually	available	as	suckers,	tissue	cultured	(TC)	and	macro–
propagated	plants	(Photo	5).	Other	planting	materials	that	are	not	
very	commonly	used	are	maiden	suckers	with	tops	cut	off	and	
corms	with	sword	suckers	attached.
When	using	suckers,	use	sword	suckers	and	not	water	suckers.	
Sword	suckers	have	narrow	leaves	and	produce	large	bunches.	
Water	suckers	have	broad	leaves,	are	not	well	attached	to	the	
corm and produce smaller bunches (Photo 5).
Banana	suckers	can	be	uprooted	from	an	established	plantation,	
a	neighbour’s	field,	commercial	nursery	or	research	station	
and	transplanted	to	a	new	farm.	Farmers	can	carry	out	macro-
propagation but tissue culture is carried out in laboratories by 
trained personnel.
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Preparing suckers for planting
The	basic	steps	are	as	follows:
 • Dig	up	selected	healthy	suckers	from	selected	mother	plants.
 • Remove	roots	from	the	sucker.
 • Peel the corm.
 • 	Sterilize	the	peeled	corm,	preferably	in	boiling	water	for	20–30	
seconds, or alternatively in a solution containing a pesticide  
(e.g.	ethoprophos)	to	kill	nematodes	and	weevil	larvae.
Uniform,	pest	and	disease-free	banana	plants	that	are	easily	
transportable	and	more	vigorous	than	suckers	and	can	be	produced	
in	large	numbers	by	macro-propagation	or	tissue	culture	(Photo	5).
Preparing plants by macro-propagation
The	basic	steps	are	as	follows:
 • 	Dig	up	selected	healthy	and	disease-free	sword	suckers	from	
mother plants. Mats that are healthy, disease free and have 
desirable	traits	can	be	labeled	and	suckers	for	propagation	
retained	during	routine	management	of	field.
 • 	Remove	roots	from	sucker,	peel	and	sterilize	the	corm	(see	
above).	Peel	leaf	sheaths	off	to	expose	buds.
 • 	Cross-cut	each	exposed	bud	in	centre	to	encourage	growth	of	
many plantlets from one bud.
 • 	Kill	main	growing	point	on	corm	by	cross-cutting	in	the	middle	
or removing the soft tissue in the middle.
 • 	Sterilize	rooting	substrate	(e.g.	sawdust,	soil,	coffee	husks),	for	
about 2–4 hours, then place substrate in humidity chamber.
 • 	Place	corms	in	a	high-humidity	chamber	and	water.	The	
humidity	chamber	can	be	a	simple	wooden	box	on	which	a	
frame	is	raised	and	covered	with	clear	polythene	sheeting.
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Photo 5. Banana planting materials. (A)	Sword	suckers,	unlike	water	suckers,	are	closely	
attached	to	the	mother,	have	a	well-developed	corm	and	are	good	planting	material.	(B) 
To	control	nematodes	and	weevils,	the	sucker	is	prepared	by	removing	all	roots,	peeling	
the	corm,	dipping	the	corm	in	boiling	water	for	30	seconds.	(C)	Macro-propagation,	
which	can	be	done	by	famers,	is	a	way	of	multiplying	plants	rapidly,	and	can	be	very	
useful	in	meeting	farmer	demand	for	newly	introduced	cultivars.	(D)	One	corm	can	
produce many plantlets at the same time. (E)	Micro-propagation,	done	in	laboratories,	
produces plantlets that are free from pests and diseases, uniform in size, and have 
vigorous	growth.	(F)	Macro-propagated	plantlets	need	more	careful	management	than	
sword	suckers	to	establish	well	and	give	good	yields.	(G)	Water	sucker,	more	superficially	
attached	to	a	stem	from	which	the	mother	was	harvested,	are	not	good	planting	material.	
(H)	Water	and	sword	suckers	are	easy	to	tell	apart	because	leaves	of	water	suckers	are	
large	and	wide	and	those	of	sword	suckers	are	small	and	sharp.
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 •  Plantlets start to sprout after 1–2 months. Detach plantlets that 
have three leaves.
 •  If only one plant sprouts from a bud, cut off the plant, then cut 
across the centre of the bud to stimulate sprouting of multiple 
plantlets.
 • 	Pot	detached	plantlets	with	at	least	three	roots	in	polybags	
containing	potting	mix	(1:1	mixture	of	soil	and	well-rotted	animal	
manure).	Plantlets	with	less	than	three	roots	should	be	planted	
back	in	humidity	chamber
 •  Harden plantlets for one month in a nursery under shade and 
keep	them	well	watered.
 • Discard	abnormal	plants	before	planting	out	in	the	field.
Preparing plants by micro-propagation
Micro-propagated	plants	(or	tissue	cultured	plants)	are	first	grown	
in a laboratory then moved to a nursery for hardening. The main 
advantage	of	micro-propagated	plants	is	that	they	are	uniform,	
disease	free	and	can	be	produced	in	large	numbers	and	at	low	
cost.
Farmers can carry out the hardening process or can acquire 
plants	after	hardening	when	they	are	ready	for	planting.
If hardening is required:
 • 	Place	plants	in	humidity	chamber	for	3–6	weeks.
 •  Remove from humidity chamber and place in shade for up to 
two	months.
 • 	The	plants	are	then	planted	in	field.
Plantlets	from	macro-propagation	and	tissue	culture	are	more	
fragile	than	plants	established	from	suckers	and	require	careful	
management	(i.e.	careful	transplanting,	watering,	fertilizer	
application)	for	the	first	six	months	after	field	planting.
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Choice of planting material: coffee
Types and varieties
Consider planting the most recently released varieties (e.g. Ruiru 
11 and Batian in Kenya,TaCRI Arabica coffee hybrids in Tanzania) 
as they are often not only more resistant to pests and diseases but 
also have higher yield potential.
For	example,	in	Uganda,	seven	Robusta	coffee	lines	that	are	
resistant	to	Fusarium	wilt	have	been	released	and	in	Kenya	some	
Arabica	varieties	(e.g.	Ruiru	11,	a	dwarf	hybrid)	have	been	released	
that are more resistant to leave rust and coffee berry disease than 
the commonly cultivated varieties such as Bourbon.
It is generally best to select types/cultivars for intercropping that 
are:
 • Tolerant of competition but not too competitive.
 •  Not too tall at maturity to avoid shading banana (i.e. about 1–2 m 
shorter than banana at maturity).
 • Compact	in	stature	to	allow	space	for	banana.
Apart	from	selecting	coffee	with	these	characteristics,	manage	the	
canopy	of	banana	and	coffee	well	to	reduce	competition	between	
the	two	crops.
Planting materials
Arabica	coffee	is	self-pollinated,	highly	uniform	and	invariably	
grown	from	seed	whilst	Robusta	coffee,	which	is	cross–pollinated,	
is usually propagated vegetatively (Photo 6).
Arabica	coffee	plants	grown	from	seed	have	a	deep	taproot	
and	can	scavenge	for	water	from	a	greater	soil	depth.	It	is	also	
convenient to produce large numbers of plants from seed. 
Because Arabica coffee is self pollinated, seedlings are very 
uniform.
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Photo 6. Coffee planting materials. (A)	Robusta	seedling	grown	from	cutting	(left)	and	
Arabica	seedling	grown	from	seed	(right).	The	Robusta	seedling	is	more	vigorous.	(B) 
Roots of Robusta seedling propagated vegetatively. The roots of Robusta propagated 
vegetatively	are	more	fibrous	and	entwine	with	those	of	banana	more	than	those	of	
Arabica. (C)	Roots	of	Arabica	seedling	propagated	from	seed.	Arabica	grown	from	seed	
has	a	tap-root	and	can	get	nutrients	from	greater	soil	depth.	(D) Tissue culture is carried 
out in laboratories to multiply clean planting materials rapidly.
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Uniformity in Robusta coffee is achieved by propagating cuttings 
from carefully selective and highly productive individual mother 
trees. Vegetatively propagated plants are identical to and have 
same characteristics as the mother tree. Vegetatively propagated 
plants	are	referred	to	as	‘clonal’	coffee.	The	immature	phase	is	
shorter	in	trees	raised	from	cuttings	compared	with	trees	raised	
from seed.
Alternatively, high yielding scion material from selected mother 
trees can be grafted onto old Arabica and Robusta coffee stumps 
to	upgrade	an	existing	plantation.	The	advantage	here	is	that	
a	new	variety	can	be	introduced	rapidly	without	removing	and	
replanting	the	existing	coffee.	Whatever	the	technique	used,	it	is	
advisable to plant Robusta coffee plants produced from a range of 
mother	trees	to	encourage	pollination	of	flowers	and	subsequently	
enhanced	fruit	set,	and	also	to	reduce	the	risk	of	a	single	variety	
being affected by a particular pest or disease.
Farmers should buy Robusta plants, raised from cuttings, from a 
recognized nursery.
Arabica seedlings can be raised from seed by the farmer or 
purchased	‘ready	to	plant’	from	a	recognized	nursery.	In	some	
countries (e.g. Kenya, Uganda), nurseries can only be established 
after	consultation	with	mandated	institutions	that	maintain	
populations of coffee and supply planting materials to the seedling 
producers.
To produce seedlings from cuttings, producers establish mother 
gardens to provide material for cuttings.
Spacing
The plant spacing for both banana and coffee must be selected so 
that	both	crops	can	continue	to	yield	well	over	the	long	term.	If	the	
bananas	are	spaced	too	close	together	they	will	shade	and	reduce	
the	yield	in	the	coffee;	if	coffee	trees	are	planted	too	close	to	the	
banana	they	may	shade	out	young	suckers	on	adjacent	banana	mats.
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Aim for about 700–800 banana mats/ha, 2000–2400 trees/ha for 
Arabica	or	1000–1200	trees/ha	for	Robusta	(Table	7).	Optimal	
density	will	depend	on	the	local	soil	type,	water	and	nutrient	
availability, plant stature, commodity prices and production 
objectives.
The	plant	spacing	and	arrangement	for	coffee	should	be	modified	
according	to	the	stature	and	growth	habit	of	a	particular	variety,	
topography	(i.e.	flat	versus	contour	planting)	and	if	weeding	and	
other practices are carried out using tractors. Spacing is generally 
wider	(lower	plant	population)	on	more	fertile	soils	with	better	
rainfall	because	the	trees	will	be	larger	compared	with	trees	grown	
on	poor	soils	with	low	rainfall.
Closer	spacing	can	be	used	with	small	statured	varieties	and	wider	
spacing	for	varieties	with	longer	branches	and	larger	stature.	The	
seed producer can usually provide advice on suitable tree spacing.
For	example,	in	Kenya,	the	general	recommended	spacing	for	
Arabica	is	2	m	by	2	m	to	allow	sufficient	space	between	rows	for	
chemical	weed	control.	By	contrast,	a	smaller	within	row	spacing	
of 1.5 m is recommended for the Arabica varieties Ruiru and 
Batian	on	flat	land,	giving	a	slightly	larger	plant	population.
Because the position of the mother banana stem moves about 
0.3–0.5	m	per	generation,	distinct	rows	of	banana	mats	disappear	
after	a	few	years.	At	this	point	it	is	important	to	check	that	the	
banana	population	remains	between	700–800	mats/ha	by	carrying	
out a census.
The	mat	population	in	an	existing	banana	field	can	be	estimated	by	
counting	the	number	of	mother	plants	within	the	radius	(measured	
with	a	piece	of	cord)	of	a	central	mother	plant.	For	example:
 • 	If	the	number	of	mats	within	a	9	m	radius	circle	is	15,	the	mat	
population is 15 × 40 = 600 mats/ha.
 • 	If	the	number	of	mats	within	a	9	m	radius	circle	is	20,	the	mat	
population is 20 × 40 = 800 mats/ha.
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5. Managing banana–coffee systems
Integrated soil fertility management practices for  
banana–coffee systems
Integrated	soil	fertility	management	(ISFM)	can	be	defined	as:
‘A set of soil fertility management practices that necessarily 
include the use of fertilizer, organic inputs, and improved 
germplasm combined with the knowledge on how to adapt 
these practices to local conditions, aiming at optimizing 
agronomic use efficiency of the applied nutrients and 
improving crop productivity. All inputs need to be managed 
following sound agronomic and economic principles.’
More simply, ISFM is ‘improved seed plus fertilizer plus more’. 
This	definition	combines	all	the	agronomic	components	necessary	
Key checks
 •  Select banana and coffee types that are not greatly affected 
by intercropping.
 • 	Dig	planting	holes	three	months	before	rains;	fill	with	mixture	
of manure, fertilizer, soil one month before rains.
 • 	Plant	at	on-set	of	rains	when	ground	is	moist	to	at	least	60	cm	
depth.
 • 	Plant	short	annual	crops	0.5–1.0	m	away	from	immature	
banana mats and coffee plants.
 • 	Intercrop	tall	banana	varieties	with	short,	compact	coffee	
varieties.
 • 	Plant	clean	banana	suckers	and	seedlings	of	coffee	varieties	
recommended for your area.
 •  Aim for 700–800 banana mats/ha, 2000–2400 Arabica trees/ha or 
1000–1200 Robusta trees/ha.
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to	make	crops	grow	and	yield	well:	incorporating	more	organic	
matter	into	the	soil;	more	use	of	legumes	to	fix	nitrogen	in	the	soil;	
more	careful	weeding,	water	management	and	management	of	
pest	and	diseases.	In	this	section	we	discuss	the	steps	that	need	
to	be	taken	to	ensure	the	best	yield	of	banana	and	coffee,	starting	
with	simple	agronomic	management	practices.
Canopy management
Canopy management means establishing the correct number 
of	banana	and	coffee	plants	within	the	field	and	then	adjusting	
the leaf area of the bananas, coffee trees and temporary and 
permanent shade by pruning, training and thinning to achieve the 
following:
 • Bananas provide the right amount of shade to the coffee trees.
 • 	Coffee	trees	are	pruned	so	that	banana	suckers	receive	
sufficient	sunlight	to	develop	properly.
 •  Coffee trees are pruned so that stems are replaced continuously 
and	sufficient	light	penetrates	each	tree	to	stimulate	flowering.
 • 	The	mature	banana	leaf	canopy	is	well	above	the	coffee	canopy	
(e.g. 1 m above) and provides dispersed shade.
 • 	Competition	between	plants	is	reduced,	pest	and	disease	attack	
are	reduced	and	application	of	agrochemicals	using	knapsack	
sprayers is convenient.
Banana canopy management
Replacement	banana	suckers	must	grow	up	through	the	coffee	
canopy. Therefore the coffee should be pruned to ensure that 
emerging	suckers	receive	sufficient	light.
Etiolated	banana	suckers	(plants	that	are	weak	and	yellow)	are	a	
sign	that	newly	emerged	suckers	have	been	excessively	shaded	
by	the	coffee	during	the	first	six	months	of	banana	sucker	growth.	
As a result, the banana stem population may decrease and the 
coffee	becomes	more	exposed	to	full	sunlight,	which	may	lead	to	
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coffee	die-back.
Each fully developed banana mat should at any time contain (see 
Photo 3, Figure 2):
 • a mother plant that is fruiting
 • a large daughter
 • a small granddaughter.
If	the	mat	has	too	many	suckers	they	should	be	removed.	
Suckers	draw	on	the	carbohydrate	supplied	by	the	mother	
stem	and	excessive	sucker	
retention reduces the amount of 
carbohydrate available for bunch 
growth.	Desuckering	should	
be carried out very carefully to 
avoid damaging bunches.
Dried leaves should be removed 
from the banana plants and used 
to	mulch	the	inter–row	space	
(Photo 7).
Coffee canopy management
Both Robusta and Arabica coffee 
are	usually	grown	as	multi–stem	
trees to increase the amount of 
yield	bearing	wood.	Three	to	four	
stems should be established 
on	each	tree	by	‘arching’	(sometimes	called	agobiado training) or 
‘capping’	young	coffee	trees	(Photos	8).
Mature	coffee	trees	are	partly	self-shading	and	require	less	shade	
than immature trees. In general, Arabica needs more pruning that 
Robusta.
There are many different pruning systems for coffee but an 
overarching basic principle is that coffee berries are produced in 
IITA
Photo 7. Removal of dead leaves 
from	banana	plants	allows	good	light	
penetration	for	the	growing	banana	
suckers	and	the	coffee	trees.
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greater	quantity	on	young	wood.	Therefore,	each	year,	starting	in	
the second or third year of bearing, one stem is removed and a 
sucker	retained	that	will	become	a	replacement	stem.	In	this	way,	
the	tree	always	contains	three	to	four	stems	that	are	less	than	4	
years old.
Each	year	all	trees	should	be	‘skirted’	to	remove	lateral	branches	up	
to	a	height	of	0.5	m.	This	makes	it	easier	to	recover	berries	that	fall	
on	the	ground	during	and	between	harvests.	Removing	branches	
that touch the ground stops insect pests from using these branches 
to climb onto the tree.
On	mature	coffee	trees,	stem	height	can	be	managed	by	capping	
each stem 2 m from ground level or removing inner branches on 
each	stem	to	encourage	the	stems	to	bend	outwards.
Unwanted	suckers	are	removed	from	both	Arabica	and	Robusta	at	
three to four month intervals throughout the year.
A	common	problem	occurs	where	old	coffee	trees	need	to	be	
rejuvenated because annual pruning operations have not been 
carried out and the stems are old and unproductive. In such 
situations the trees can be stumped or the best stem is retained 
and	all	other	stems	removed.	Three	to	four	suckers	are	then	
retained	from	amongst	the	suckers	that	develop	on	the	stump	and	
allowed	to	develop	into	stems.	After	one	year	the	remaining	old	
stem is removed and the tree is effectively rejuvenated.
Residue management
In	mature	plantations,	some	of	the	nutrients	taken	up	by	plants	are	
returned	or	recycled	to	the	soil	through	leaf-fall,	coffee	prunings,	
unwanted	suckers	and	banana	pseudostems	felled	at	bunch	harvest	
and corms from banana. In addition, there may be prunings from 
shade trees, banana peels from locally consumed bananas and 
plantains,	and	coffee	husks	and	pulp	from	the	coffee	pulpery.
In addition to providing mulch cover, retaining these plant 
materials	in	the	plantation	means	that	less	external	inputs	are	
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Photo 8. Coffee canopy management. (A) Young Robusta plant bent over by pegging 
to	encourage	growth	of	multiple	stems.	(B) Capped stem of Arabica coffee to control 
height. Crop is mainly borne on secondary and tertiary branches. (C)	Unwanted	suckers	
are continuously removed throughout the year. (D)	Coffee	trees	age	with	time	and	
production	declines,	and	the	main	stems	are	cut-off	to	rejuvenate	tree	and	improve	
production.
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required to replace nutrients removed in harvested products 
(coffee berries, banana bunches) and to increase yields of coffee 
and bananas.
The	amount	of	nutrients	contained	in	suckers,	pseudostems,	
trash	and	leaves	of	banana	and	leaves	and	husks	of	coffee	in	a	
plantation yielding 10 t/ha/year fresh banana and 0.5 t/ha/year 
green	beans	of	coffee,	is	about	90	kg	N,	10	kg	P	and	190	kg	K	
per	ha	(Figure	15),	equivalent	to	about	200	kg	urea,	50	kg	triple	
superphosphate	and	370	kg	potassium	chloride	fertilizer.
If	banana	residues	are	removed	from	the	farm	and	fed	to	livestock,	
animal	manure	collected	from	the	livestock	pens	can	be	returned	
to	the	field.	Nutrients	released	by	decomposition	of	soil	organic	
matter	or	weathering	from	the	soil	mineral	fraction	is	only	a	small	
part	(less	than	10%)	of	what	is	recycled	every	year	with	crop	
residues	and	is	insufficient	to	meet	the	crops’	requirements	for	
good yields. For this reason, mineral fertilizers are required.
Always	keep	in	mind	that:
 • 	Removal	of	plant	parts	from	the	fields	depletes	the	nutrient	
capital contained in the banana–coffee system.
 •  Returning crop residues to the system, or feeding such residues 
to	livestock	and	then	applying	manure	from	these	livestock	to	
the system, recycles but does not add nutrients to the system 
(Photo 9).
 • 	Applying	residues	of	crops/plants	that	have	been	grown	
elsewhere	to	the	field/farm	adds	nutrients	to	the	system	(photo	9).
 • 	Grazing	livestock	in	other	fields	(e.g.	grazing	lands	on	hillsides)	
and	using	manure	from	such	livestock	on	the	farm	adds	
nutrients to the system.
Apart from supplying nutrients, applying crop residues to the soil 
also	provides	benefits	including	the	following:
 • Conservation of soil moisture.
 • Mulch layer helps to reduce soil erosion on sloping land.
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Photo 9. Crop residues. (A)	If	crop	residues	are	fed	to	animals,	recycling	nutrients	back	
to the soil by applying manure can reduce on costs of fertilizer. (B) Both banana and 
coffee	benefit	from	self	and	external	mulch	like	grass.
 • 	Weed	suppression	and	reduced	requirement	for	weeding	
operations and therefore reduced soil disturbance and damage 
to banana and coffee feeder roots that lie close to the soil 
surface (Photo 10).
 • Increased root development in the surface soil.
 • Replenishment of soil organic matter.
Fertilizer recommendations
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Figure 15. Nutrient removal in banana–coffee systems.
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Photo 10.	 Banana	benefits	from	fertilizer	applied	to	coffee	and	coffee	benefits	from	
nutrients applied to banana as roots of both crops crisscross.
All	plants	require	an	adequate	supply	of	nutrients	to	grow	and	
yield	well	and	banana	and	coffee	are	no	exception.	For	example,	
young plants require phosphorus for root establishment and 
growth,	and	mature	plants	require	potassium	for	flowering	and	
fruit	filling	(Table	8).
If	the	supply	of	nutrients	is	insufficient,	production	decreases	
and	coffee	may	be	affected	by	die	back.	Unlike	legumes,	which	
required	phosphorus,	and	cereals,	which	require	nitrogen	and	
phosphorus, both banana and coffee need large amounts of 
potassium	as	well	as	phosphorus	and	nitrogen	(Table	8	&	9).
Deficiencies	of	macronutrients	nitrogen,	phosphorus,	potassium,	
sulphur, magnesium and calcium, and the micronutrients zinc, 
boron	or	iron,	lead	to	the	appearance	of	leaf	nutrient	deficiency	
symptoms in banana (Photo 11) and coffee (Photo 12) that can be 
detected	in	the	field.
Nutrient requirements can be supplied as organic inputs (i.e. crop 
residues or animal manure), fertilizers or a combination of both. 
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Using	organic	inputs	in	combination	with	fertilizers	may	increase	
the	efficiency	of	fertilizer	use.	In	other	words,	when	fertilizers	are	
applied in the presence of organic residues, more of the nutrients 
contained	in	the	fertilizer	are	taken	up	by	the	crops.
Unlike	fertilizer	nutrients,	which	are	readily	available	to	plants,	
organic inputs need time to decompose and release nutrients 
and	are	therefore	a	‘slow	release’	source	of	nutrients	to	plants.	
Residues	with	a	narrow	C:N	ratio	(e.g.	legume	crop	residues)	
decompose and release their nutrient content more rapidly than 
materials	with	a	wide	C:N	ratio	(e.g.	cereal	straw).
The	concentration	of	nutrients	in	organic	resources	is	low	and	
therefore much larger quantities of organic resources are required 
to	supply	a	given	quantity	of	nutrients	by	comparison	with	mineral	
fertilizers.
For	example,	fresh	goat	manure	on	average	contains	7	kg/t	P	or	
16	kg/t	P2O5	(see	Look-up	Table	1	for	nutrient	content	in	manures	
and	crop	residues,	and	Look-up	Table	2	for	nutrient	conversion	
factors). By comparison, one tonne of triple superphosphate (TSP) 
fertilizer	contains	200	kg	P	or	460	kg	P2O5. If the goal is to apply 
50	kg/ha	P2O5, this could be delivered in about 3 t goat manure or 
109	kg	TSP.
If	the	farmer	does	not	have	livestock	and	plans	to	buy	animal	
manures	it	is	worthwhile	to	compare	the	cost	of	nutrients	in	
fertilizers and animal manures and then select the least costly 
source.
52
Table 8. Role of major nutrients in banana and coffee.
All plants Banana Coffee
N Vegetative	growth Size of bunch, frequency  
of harvesting.
Crop bearing capacity,  
size of beans.
P Root development, energy 
reactions,	flowering,	seed	and	
fruit development.
Size of bunch, amount of sugar in 
fruits, strength of stem.
Wood development, 
flowering,	 
ripening,	fruit	size,	sucker	
development.
K Translocation of products of  
photosynthesis,	water	balance,	 
disease resistance.
Number	of	fingers/bunch,	
fruit	filling,	fruit	quality.
Fruit development, mucilage  
formation, fruit quality.
Ca Growth	of	terminal	buds,	 
flower	formation,	root	and	 
leaf development.
Yield, fruit quality. Fruit ripening and quality.
Mg Photosynthesis,	plant	growth Hands per bunch, quality of fruit. Bean color.
S Formation of plant proteins Size of bunch. Bean color and aroma.
Bo Growth,	metabolism	of	
carbohydrates,	growth	of	new	
shoots and roots
Flowering,	fruit	set	and	
development.
Cu Photosynthesis, development  
of	pigments	that	influence	color
Resistance to fungal  
diseases.
Cl Water balance, ionic balance,  
photosynthesis
Fe Chlorophyll formation Bean color and aroma.
Mn Chlorophyll formation Bunch size.
Mo Nitrogen metabolism
Zn Plant	height,	leaf	size,	flower	 
initiation and formation
Finger development.
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Table 9. Amount of nitrogen (N), phosphorus (P) and potassium (K) contained 
in different plant parts for production of 1 t of banana and 1 t coffee (green 
bean).
Crop and plant part Nitrogen Phosphorus Potassium
kg
Banana
Pseudostem,	corm,	suckers,	fruit	stalk 2.3 0.4 7.2
Leaves 0.5 0.1 0.6
Trash 1.6 0.2 2.0
Fruit 1.8 0.2 5.5
Total 6.2 0.8 15.3
Coffee
Leaves, stems 20.6 3.4 18.6
Green bean, parchment, pulp 33.9 2.5 40.5
Green bean 21.5 1.7 17.5
Total 76.0 7.6 76.6
The 4Rs + 1R for effective use of fertilizer
There	are	four	‘rights’	that	help	the	farmer	to	get	the	most	benefit	
from fertilizers:
 • apply the right fertilizer product(s)
 • at the right rate
 • at the right time
 • in the right place.
Because fertilizers are costly inputs it is important also to prioritize 
the	use	of	scarce	fertilizers	on	the	crop	that	will	deliver	the	
greatest return on fertilizer inputs.
We	now	review	the	four	rights	in	detail.
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The right fertilizer type
 • 	If	you	are	not	sure	which	nutrients	your	crops	need,	inspect	the	
crop	for	the	presence	of	nutrient	deficiency	symptoms	(Photos	
11	and	12).	You	can	also	take	soil	and	leaf	samples	for	analysis	at	
reputable	laboratory	(see	box	for	guidelines	on	how	to	collect	soil	
and foliar samples).
 •  Use fertilizers that are suitable for the soil conditions, that have 
nutrients in available forms and that have the right combinations 
of nutrients required.
Suitable compound fertilizers for mature banana–coffee system 
should contain more K2O	than	N	and	P2O5 (i.e. about 10% N, 3% 
P2O5 and 23% K2O).
Unfortunately, the most common fertilizers available in local 
stores contain 20:10:10 and 17:17:17 of N:P2O5:K2O,	which	
are clearly not the most suitable fertilizers for the banana–
coffee systems. It may therefore be necessary to apply 
‘straight’	fertilizers	or	a	compound	fertilizer	together	with	
additional straight fertilizer. Alternatively, farmers can buy 
straight	fertilizers	and	prepare	their	own	mixtures	immediately	
prior to field application.
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Photo 11.	 Nutrient	deficiencies	in	banana.	(A)	N	deficiency,	leaves	turn	green,	then	
yellow.	(B)	Leaf	petioles	and	sheath	turn	pink	in	N	deficient	banana.	(C)	P	deficiency,	leaf	
margins	turn	scorched	brown.	(D)	K	deficiency,	leaf	margins	and	tips	turn	yellow	from	tip,	
then orange, scorching along margins hangs. (E)	As	scorching	on	leaves	of	K	deficient	
plants	progress,	mid-rib	is	unable	to	support	leaf,	mid-rib	breaks	and	half	of	leaf	close	
to	tip	hangs	downwards.	(F)	Plants	supplied	with	adequate	nutrient		have	more	vigorous	
growth	(e.g.	plant	on	extreme	left)	than	plant	deficient	in	N	(second	from	left),	P	(third	
from	left)	or	K	(extreme	right).	(G)	Mg	deficiency,	light	yellow	band	along	leaf.	(H) In Mg 
deficient	plants,	leaf	sheaths	can	separate	from	the	pseudostem.	(I)	Dark	color	along	leaf	
margin	observed	in	East	African	highland	banana	growing	in	soil	with	low	pH.	(J)	without	
micronutrients	leaves	are	yellow	(right)	instead	of	green	(left).
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Photo 12.	 Nutrient	deficiencies	in	coffee.	(A)	Yellowing	of	leaves	caused	by	withdrawal	
of	N	from	leaves	to	maturing	crop.	The	symptom	is	common	during	the	dry	weather.	(B) 
P	deficiency,	older	leaves	go	yellow,	then		red-bronze	(red-purple).	(C) Normal Leaf (left) 
and	progression	of	P	deficiency	symptoms.
Box.	 How	to	take	soil	and	foliar	samples	in	banana	coffee	systems
How to take soil samples
1.	 	Decide	on	a	sampling	pattern	(e.g.	every	30	m	by	30	m)	that	will	deliver	
about 10 subsamples per ha.
2. At each sampling point remove litter from the soil surface.
3.  Use an Edleman soil auger to sample soil from 0–30 cm depth.
4.	 	Mix	the	sub-samples	thoroughly	to	produce	a	composite	sample.
5. Place samples in clean, labeled plastic bag.
6. Deliver the samples to the laboratory.
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The right fertilizer rates
It	is	difficult	to	make	fertilizer	recommendations	without	
information on soil fertility and crop nutrient status:
 •  The essential soil test parameters are soil organic carbon, total 
nitrogen,	available	P,	exchangeable	K	and	Mg,	and	soil	pH.	
How to take foliar samples 
Banana 
1.	 A	composite	sample	is	prepared	for	each	field.
2. Intercropped	banana–coffee	fields	contain	700–800	banana	plants	per	ha.
3.  Decide	on	a	sampling	grid	(e.g.	every	5th	plant	in	every	5th	row	in	newly	
established plantations) to provide about 15–20 sub–samples per ha.
4. Samples	are	only	taken	from	flowering	plants.
5. Select the 3rd fully opened leaf.
6.  Remove	a	strip	of	tissue	20	cm	long	by	10	cm	wide	on	both	sides	of	
the central vein in the middle of the leaf. The long side of the strip 
should be parallel to the central vein.
7. Place samples in clean, labeled paper bag.
8. Deliver the samples to the laboratory.
Coffee
1. A	composite	sample	is	prepared	for	each	field.
2.  Intercropped	banana–coffee	fields	contain	about	1000	Robusta	and	
2–2500 Arabica coffee trees per ha
3.  Decide	on	a	sampling	grid	(e.g.	every	10th	plant	in	every	5th	row	in	newly	
established plantations) to provide about 15–20 sub–samples per ha.
4. Select four bearing lateral branches at mid–height of the tree. 
5.  Select	the	3rd	or	4th	pair	of	newly	matured	leaves	counting	from	the	
branch tip from each of the four selected branches.
6. Place samples in clean, labeled paper bag.
7. Deliver the samples to the laboratory.
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Ideally	soil	samples	should	be	taken	at	each	farm	site	or	at	
least at a representative farm site and analysed at a reputable 
laboratory.	Soils	can	then	be	classified	in	terms	of	soil	fertility	
status (Table 3).
 •  The essential foliar analysis parameters are nitrogen, 
phosphorus, potassium and magnesium. Information on 
micronutrients is useful but not essential because nutrient 
deficiencies	can	be	detected	by	crop	inspection.
Compare	site	soil	and	leaf	analysis	values	with	Table	3	and	Table	
10	respectively,	to	determine	whether	the	site	is	‘low	fertility	
status’	or	‘high	fertility	status’.	Suggested	ranges	for	fertilizer	
nutrient application rates for immature coffee and banana and 
mature	banana–coffee	systems	on	‘low	fertility	status’	and	‘high	
fertility	status	soils’	are	provided	in	Tables	13–16.	Note	that	
different recommendations are provided for different yield targets 
for each soil fertility status category.
If the farmer plans to apply large quantities of organic resources 
(i.e. more than 5 t/ha) estimate the nutrient inputs provided 
in	the	organic	resources	from	Look-up	Table	1	and	adjust	the	
recommended fertilizer rates accordingly.
Worked hypothetical example: Soil analysis and banana leaf 
analysis data is available for a mature banana–Robusta coffee 
farm	in	Southwest	Uganda.	The	present	yield	is	20	t/ha	banana	
and	1.5	t/ha	green	bean	with	both	crop	products	sold	as	a	cash	
crop. The farmer purchases and applies 5 t/ha farmyard manure 
to	her	banana–coffee	farm.	Results	of	soil	analysis	show	that	
the	soils	are	poor	in	all	nutrients	except	phosphorus	(Table	11).	
Leaf	analysis	shows	that	bananas	are	deficient	in	nitrogen	and	
phosphorus but leaf potassium status is above the critical value 
(Table 11).
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The	farmer’s	target	is	to	increase	banana	and	coffee	yields.	As	
already mentioned, soil fertility status for nitrogen and phosphorus 
is poor. Therefore, for a target yield of 30 t/ha/year banana and 
2.5	t/ha/year	coffee,	the	recommendation	is	230–280	kg/ha	N	and	
60–80	kg/ha	P2O5	(Table	12)	in	the	first	year.
Soil potassium status is good and the recommendation for 
potassium	is	230–270	kg	K2O/ha.	Nutrient	application	rates	are	
then converted into amounts of fertilizer (Table 12). In this case 
straight fertilizers have been used but a combination of compound 
and straight fertilizer could also be used.
Fertilizer	inputs	could	be	reduced	by	about	50	kg	N,	90	kg	
P2O5	and	70	kg	K2O	to	allow	for	the	nutrients	supplied	in	5	t/ha	
farmyard	manure	applied	to	the	banana–coffee	field.
The ratio of N:P2O5:K2O	is	equivalent	to	10:3:23	and	a	compound	
with	similar	nutrient	content	could	be	used	instead	of	straight	
fertilizers.	If	the	farmer	lacks	the	resources	to	implement	the	
recommendation in full, reduce the recommended rate to an 
amount	considered	affordable	by	the	farmer	whilst	maintaining	the	
same	ratio	between	nutrients.
Example: Calculation for straight and compound fertilizers
The nutrients can be from straight fertilizers (i.e. that supply one 
nutrient) or from compound fertilizers (i.e. that supply more than 
one nutrient).
For	example,	if	the	goal	is	to	apply	232	kg/ha	of	N,	62	kg/ha	of	
P2O5	and	226	kg/ha	of	K2O.
If using straight fertilizers, N can be supplied as urea (46% N), P as 
triple superphosphate (TSP) (46% P2O5), and K as potassium chloride 
(KCl) (60% K2O).	The	amount	of	fertilizer	required	would	be:
Amount of urea =
x
=
232 100
46
503 kg ha/
Amount of TSP =
x
=
62 100
46
136 kg/ha
62
Amount of KCl =
x
=
226 100
60
376 kg/ha
If using compound fertilizers, a fertilizer that contains nutrients in 
the proportions close to those that are required should be selected. 
For	example,	if	the	nutrients	required	above	are	to	be	supplied	
by	a	compound	fertilizer,	a	good	choice	would	be	NPK	18:4:12,	
containing 18% N, 4% P2O5 and 12% K2O,	which	is	among	the	
‘coffee	fertilizers’	recommended	in	Kenya.	The	calculation	would	be:
Amount of NPK18 4 12
232 100
18
1286: : =
x
= kg/ha
This	would	provide	about	232	kg	N,	51	kg	P2O5	and	154	kg	K2O.	
The	shortfall	of	11	kg	P2O5	and	71	kg	K2O	can	be	provided	by	
applying	24	kg	TSP	and	119	kg	KCl	per	ha.
In	general,	first	determine	the	amounts	of	nutrients	required,	then	
check	which	of	the	fertilizers	available	on	the	market	can	supply	
the	nutrients	that	your	crop	needs	and	finally	select	fertilizers	that	
provide	the	required	nutrients	at	the	lowest	cost.
A calibrated measure should be used to apply fertilizer accurately 
to	each	plant.	For	example,	a	soda–bottle	cap	contains	5–6	g	
fertilizer.	Calibrated	cups	can	also	be	made	from	tins	and	washing	
powder	containers.	Such	measures	can	be	calibrated	roughly	by	
counting the number of soda–caps of fertilizer that are required to 
fill	the	receptacle.
When	applying	fertilizer	in	a	mature	banana	plantation,	newly	
intercropped	with	young	coffee,	or	mature	coffee	newly	
intercropped	with	young	banana,	fertilizer	can	be	applied	to	the	
two	crops	separately	in	the	first	two	years	of	the	intercrop	(see	
Table 15 for proposed recommendation for the mature crop and 
Tables 13 and 14 for immature crop). In mature banana–coffee 
intercrops fertilizers can be applied to both crops at once by 
broadcasting the fertilizers over the soil surface.
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Table 14.	 Suggested	fertilizer	rates	for	immature	coffee	in	sub-Saharan	Africa.
Crop Soil fertility  
status
Year N P2O5 K2O MgO
g/tree
Arabica coffee
High
1 20 5 20 5
2 30 10 30 10
3 50 15 50 15
Low
1 30 10 30 10
2 50 15 50 15
3 90 25 90 25
Robusta coffee
High
1 40 10 40 10
2 60 20 60 20
3 120 30 100 30
Low
1 60 20 60 20
2 100 30 100 30
3 180 50 180 50
Table 15. Suggested fertilizer application rates for mature banana–coffee systems in 
sub–Saharan Africa.
Deficiencies Crop Yield increase (t/ha) N P2O5 K2O MgO
Banana Coffee kg/ha
First 
year
N, P, K Banana-Arabica 10 0.5 170–200 50–65 380–460 30–35
Banana-Robusta	 10 1 230–280 60–80 450–550 40–45
P Banana-Arabica 10 0.5 170–200 50–65 190–230 30–35
Banana-Robusta 10 1 230–280 60–80 230–270 40–45
K Banana-Arabica 10 0.5 170–200 25–30 380–460 30–35
Banana-Robusta 10 1 230–280 30–40 450–540 40–45
From 
the 
second 
year
N, P, K Banana-Arabica 10 0.5 100–115 25–35 230–270 14–17
Banana-Robusta 10 1 140–160 35–45 280–330 18–21
P Banana-Arabica 10 0.5 100–110 25–35 110–140 14–17
Banana-Robusta 10 1 140–160 35–45 140–170 18–21
K Banana-Arabica 10 0.5 100–110 11–20 230–270 14–17
Banana-Robusta 10 1 140–160 15–25 280–330 18–21
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The right time for application
Apply	fertilizer	when	soil	is	moist,	during	the	rainy	seasons.
To minimise losses, fertilizer N application should be applied 
in	two	split	applications	–	for	example	at	the	beginning,	then	in	
the	middle	of	the	rainy	season	(about	2	months	after	the	first	
application). It is not usually necessary to apply phosphate and 
potash fertilizers in split applications as they are released more 
slowly.
The right placement of fertilizer
Fertilizer should be applied over 
the	soil	surface	where	feeder	roots	
are found (Photo 13). Remove trash 
on	the	surface	where	fertilizer	is	to	
be applied, apply fertilizer and then 
replace the trash.
For	young	banana	mats,	make	a	
furrow	about	30	cm	from	the	mat.	
Place	fertilizer	in	the	furrow	and	
cover	with	soil.	If	the	mother	plant	
has a bunch approaching maturity, 
apply fertilizer to the daughter and 
granddaughter.	Do	not	work	the	fertilizer	into	the	soil	using	a	hoe	
as you may damage roots of the crops.
For fertilizer N in young coffee plants, apply under the leaf canopy, 
extending	up	to	20	cm	beyond	the	drip-line.
In	mature	plantations	where	canopies	of	banana	and	coffee	
overlap,	apply	under	and	between	banana	mats	and	coffee	plants.	
Do not apply fertilizer too close to banana mats (i.e. at least 30 cm 
from the mat).
All fertilizers should be spread evenly over the target zone – 
fertilizers	applied	in	lumps	may	burn	the	crop’s	roots.
IITA
Photo 13. Nitrogen fertilizer applied 
in	a	furrow	around	the	coffee	tree,	then	
covered	with	soil,	can	be	accessed	by	
roots of banana.
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The right crop for fertilizer
Farmers	with	limited	cash	to	invest	in	fertilizers	must	decide	which	
crop	will	give	the	greatest	return	on	fertilizer	application.	Fertilizers	
can be applied separately to each crop during the immature 
growth	phase	(Table	12	and	13).
In	mature	banana–coffee	intercrops,	however,	it	is	not	really	
practicable	to	target	fertilizers	to	one	or	other	of	the	two	crops	
because by the time the system has started to yield, root systems 
of	both	crops	will	have	formed	an	overlapping	continuous	web	
of	roots.	Therefore,	as	with	mulch	and	animal	manure,	the	best	
approach is to broadcast fertilizers over the soil surface under the 
banana–coffee system.
Note	that	although	generally	applying	fertilizer	makes	crops	
healthier,	applying	excessive	amounts	of	nutrients	can	make	
plants	unhealthy	(Table	17).	Monitor	your	crop	closely	and	seek	
advice	when	necessary.
Key checks
Prune banana and coffee to ensure that the coffee canopy 
remains	below	the	banana	canopy.
Replace	old	coffee	stems	with	new	suckers	so	that	bearing	stems	
are	always	less	than	4	years	old.
Leave	prunings	on	the	ground	and	return	non-edible	plant	
materials to the plantation.
Apply	fertilizers	to	address	nutrient	deficiencies	and	meet	
targeted yields, as recommended.
Compound fertilizers for mature banana–coffee system should 
contain more K2O	than	N	and	P2O5 (i.e. about 10% N, 3% P2O5 
and 23% K2O).
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Table 17.	 Effect	of	excessive	application	of	nutrients	on	banana	and	coffee.
Banana Coffee
N Bunches	are	smaller,	break	before	maturation	and	
have reduced green life after harvest.
Excessive	vegetative	growth,	poor	yields
P May	induce	Mg,	Zn	deficiency. May	induce	Zn	or	Fe	deficiency.
K May	induce	Ca,	Mg	deficiency. May	induce	Mg	deficiency.
Mn Reduces	uptake	of	Ca,	Mg	and	Zn,	may	
predispose	condition	of	‘mixed	ripe’	i.e.	harvested	
fruit ripen prematurely.
Scorching of older leaves.
Cl Fruit	not	filled Scorching of older leaves.
Cu Stunted roots Fe chlorosis, stunted roots.
Fe Black	margins	of	leaf	lamina. Mn	deficiency.
Mn Black	margins	of	leaf	lamina Leaf	chlorosis,	brown	spots.
Zn Fe	deficiency.
Al Leaf chlorosis.
Na Marginal chlorosis and necrosis of leaves.
B Marginal	paling	of	leaves	with	necrosis. Mottled leaf margin and chlorosis near leaf 
margins. Purple base of leaf midrib.
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6. What can go wrong?
Pest and disease management
Pests and diseases can damage roots, stem and leaves of plants 
thereby	affecting	uptake	of	nutrients	and	water	from	the	soil,	
movement	within	the	plant	and	photosynthesis.	Pests	and	diseases	
can also damage the fruits directly.
Pests
The	most	important	pests	for	banana	are	weevils,	which	damage	the	
corm,	and	nematodes	which	damage	the	roots	(Photo	14).
For coffee, some of the most important pests are coffee berry borer, 
antesia	bugs,	twig	borers,	scales,	stem	borers	and	mealybugs,	
which	can	attack	aerial	parts	of	the	plant	or	roots	(Photo	15).
Diseases
There	are	two	new	diseases	which	have	become	major	threats	to	
banana production.
The	banana	Xanthomonas	wilt	(BXW)	(Photo	16),	which	is	caused	
by a bacterium, has been spreading in East and Central African 
region. The disease has been reported in Ethiopia, Uganda, Kenya, 
Rwanda,	DRC	and	Tanzania.
Banana	bunchy	top	disease	(BBTD)	(Photo	16),	which	is	caused	by	
a virus, has been reported in Central, South and North Africa.
Other	important	diseases	of	banana	are	bunchy-top,	fusarium	
wilt	(Panama	disease),	banana	streak	disease,	banana	mosaic	
disease,	yellow	sigatoka	and	black	sigatoka	(Photo	16).
For coffee, some of the common diseases are coffee berry disease 
(CBD,	a	fungal	disease	mainly	in	high,	wet	and	cool	altitudes),	
coffee	leaf	rust	(CLR,	fungal,	low	altitude),	bacterial	blight	of	coffee	
(BBC)	and	coffee	wilt	disease	(CWD,	also	known	as	Fusarium	wilt	
or Tracheomycosis,	which	affects	both	Arabica	and	Robusta	coffee)	
(see	Photo	17	for	examples).	Coffee	wilt	disease	has	increasingly	
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Photo 14. Pests of banana. (A)	The	banana	weevil	whose	larvae	bore	into	the	corm	
causing damage and subsequently affecting movement of nutrients in the plant. (B) 
Corm	damaged	extensively	by	the	banana	weevil	larvae.	(C) Root nematodes damage 
roots	affecting	uptake	of	water	and	nutrients	(left-	healthy	root,	right	-	damaged	root).	(D) 
Serious root damage by nematodes can cause plants to topple.
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Photo 15. Pests of coffee. (A)	Female	berry	borers	make	holes	on	berries	and	
lay eggs inside. The eggs hatch into larvae inside the berries, larvae feed on berry 
causing damage. (B) Berry damaged by berry borer. (C) Larvae of the berry borer. 
(D)	A	small	hole	made	by	the	female	coffee	twig	borer.	(E)	The	twig	borer	is	a	small	
flying insect that spreads fast and is difficult to control. (F) The borer lays eggs 
inside	a	twig,	and	the	eggs	hatch	into	larvae.	The	infected	twig	starts	drying	up	from	
the	damaged	part	towards	the	tip	of	the	twig.	(G) Damaged by the stem borer, can 
cause	leaf	yellowing,	and	drying	of	young	plants.	(H)	Scales	suck	moisture	from	
plants	and	produce	honeydew.	The	honeydew	encourages	growth	of	sooty	mould,	
which	reduces	the	photosynthetic	area	on	leaves.
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Photo 16. Diseases of banana. (A)	BXW	attacks	highland	and	exotic	banana	causing	
yellowing	of	leaves.	(B) Premature ripening of fruit due to BXW. (C) Wilting of male bud 
due	to	BXW.	(D)	and	yellow	ooze	in	stem	due	to	BXW.	(E)	Fusarium	wilt	attacks	exotic	
bananas	causing	yellowing	of	leaves,	and	collapsing	of	leaves	to	form	a	“skirt”	around	
the pseudostem. (F) Bunchy top due to banana bunchy top virus. If severe, plants do not 
fruit	or	can	form	fruits	with	deformed	fingers.
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Photo 17. Diseases of coffee. (A)	Berries	infected	with	coffee	berry	disease	become	
dark,	and	may	fall	off.	The	fungus	lives	in	the	bark	of	the	tree.	Disease	is	more	
commonly found in Arabica. (B) Red spots on green and ripe berries, caused by the 
“red blister disease” (Cercospora coffeicola). The disease can cause premature fall of 
berries and leaf defoliation. The disease is more commonly found in Robusta coffee. (C) 
A	two-stem	coffee	tree	infected	by	coffee	wilt	disease.	The	stem	on	the	left	has	dried	up	
due	to	disease	while	that	on	the	right	is	yet	to	show	symptoms.	(D) coffee leaf rust, more 
common	in	low	altitudes	(e.g.	serious	in	Arabica	grown	in	warm	humid	conditions	below	
1500), can cause shedding of leaves and lead to reduces yield.
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become a major constraint to Robusta production in DRC, 
Tanzania and Uganda.
Control of diseases and pests (IPM)
The	best	way	of	controlling	pests	and	diseases	is	by	use	of	a	
combination	of	management	practices	together	with	the	use	of	
resistant	varieties,	referred	to	as	‘integrated	pest	management’	
(IPM).
At planting, use pest– and disease–free planting materials and, 
if	possible,	use	resistant	planting	materials.	For	example,	some	
banana hybrids (e.g. FHIA 17 and FHIA in East Africa and PITA14, 
PITA17 in West Africa) are available that are more resistant 
to	black	sigatoka	disease	and	produce	larger	bunches	than	
traditional varieties.
After crop establishment, monitor the crop closely for the 
presence of pests and diseases by carrying out regular crop 
inspections. When pests and diseases are detected early, control 
measures may only be required over small areas and economic 
damage to the crop is small.
Also	be	on	the	lookout	for	diseases	and	pests	in	the	
neighbouring	fields	or	in	the	
surrounding area.
Control diseases and pests using 
the recommended methods (see 
Appendix	1–8	for	farmer-friendly	
extension	materials).
Some pests transmit disease from 
plant	to	plant.	For	example	banana	
streak	disease	is	spread	by	mealy	
bugs and banana mosaic disease 
can be spread by aphids. Therefore 
control of pests can often reduce the 
spread of diseases.
IITA
Photo 18. Cutting the male bud after 
flowering	controls	spread	of	diseases	
like	BXW.
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Remove	the	male	bud	from	bananas	when	flowering	has	
completed (Photo 18). This stops insects that transmit diseases 
like	cigar	end	rot	(a	fruit	disease)	and	BXW	from	visiting	the	
flowers.
If using chemicals, apply insecticides and fungicides that are 
recommended	(see	examples	of	insecticides	(Table	18)	and	
fungicides	(Table	19)	for	use	in	coffee	and	follow	instructions	on	
pack	for	their	use.	Use	the	chemicals	safely	(see	Photo	19	and	
box).
Table 18.	 Examples	of	insecticides	that	can	be	used	to	control	insect	pests	in	coffee.
Insect pest Chemical Additional management practices
Coffee berry borer Endosulfan, Chlorpyrifos, 
Fenitrothion, Fenthion
Timely harvesting of ripe berries, placing tarpaulin on 
ground at harvesting to catch berries that fall, removing 
and destroying old dried berries left on trees and on 
ground after harvest period
Stem borer Fipronil Good crop management, uprooting and destroying 
infested trees
Twig	borer* Imidacloprid Pruning and destroying of infected plant parts, good 
canopy	management,	keeping	fields	weed-free
*The	adult	twig	borer	can	fly.	So,	control	should	be	in	all	coffee	fields	in	an	infested	area	to	avoid	re-infestation	
from	neighboring	fields.
Table 19.	 Examples	of	fungicides	that	can	be	used	to	control	coffee	berry	disease	(CBD),	
coffee	leaf	rust	(CLR),	bacterial	blight	of	coffee	(BBC)	and	coffee	wilt	disease	(CWD).
Disease Chemicals Other management practices
CBD Azoxystrobin	+	Chlorothalonil,	
Pyraclostrobin, Chlorothalonil Fluazinam
For CBD, CLR and BBC, good canopy 
management through regular pruning and 
desuckering,	regular	change	of	cycle,	planting	
resistant varieties if availableCBD, CLR Dithianon, Cupric chloride (green copper)
CBD, CLR, BBC Cuprous	oxide	(red	copper),	Cupric	
hydroxide	(blue	copper)
CWD* - For	CWD,	planting	disease-free	materials,	
uprooting and burning infected plants, planting 
resistant varieties
*Pathogen	lives	in	soil,	difficult	to	control	using	chemicals
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Nutrition and pest and 
disease pressure
Although	research	findings	
on	the	relationship	between	
nutrients and pest pressure are 
not	always	conclusive,	plants	
are	better	able	to	withstand	
pest	and	disease	attacks	when	
supplied	with	an	adequate	
supply of nutrients.
Pests and diseases have often been thought to be the major 
constraints to production of banana and coffee, but an increasing 
body of evidence suggests that pests and diseases are largely 
secondary problems.
The primary	constraints	to	production	are	deficiencies	of	nutrients	
that	render	the	crops	weak	and	susceptible	to	damage.	In	the	
case	of	banana,	weevil	and	nematode	damage	can	be	very	
apparent	on	weak	plants,	but	may	not	be	the	main	cause	of	poor	
growth.	In	addition,	it	is	important	to	maintain	a	well	ventilated	
canopy by proper pruning of both coffee and banana.
In	the	case	of	coffee,	leaf	rust	is	less	prevalent	in	plants	grown	on	
moderately	acidic	soils	with	adequate	fertilizer	inputs	compared	
with	crops	grown	on	more	acid	soils	with	insufficient	fertilizer.
General management
Keep	the	fields	weed-free	to	reduce	competition.	Weeds	can	be	
controlled	by	mulching,	hand-pulling	or	spraying	with	herbicides	
(Table 20).
The	banana–coffee	system	does	well	in	soils	with	adequate	
drainage	(i.e.	soils	that	allow	movement	of	air	and	water).	Ensure	
that	sufficient	drains	(0.5–1.0	m	deep)	have	been	installed	to	
provide	adequate	soil	drainage	and	to	prevent	water	standing	in	
the	field	after	major	rainfall	events.
IITA
Photo 19. Herbicide damage on leaves 
can	be	confused	with	nutrient	deficiencies.
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Use	pegs	or	twine	to	support	banana	pseudostems	that	are	
carrying bunches and prevent them from toppling over before the 
fruits are ready for harvesting (Photo 20).
In large plantations, bananas are bagged to prevent damage by 
animals before harvesting. Smallholder farmers do not bag their 
produce	because	they	target	the	local	market.	But	if	producing	
for	export,	they	too	need	to	bag	banana	bunches	to	meet	export	
quality requirements.
In	mature	plantations,	roots	of	Robusta	can	form	a	thick	mass	
close	to	the	banana	and	interfere	with	growth	of	banana	roots	
leading	to	excessive	competition	between	the	two	crops.	If	
the	mat	is	too	thick,	disturb	the	soil	around	the	banana	to	
damage	some	of	the	coffee	roots.	For	example,	in	Uganda	it	
has been found that loosening the soil around banana mats 
using	a	forked-hoe	helps	to	control	the	growth	of	coffee	
roots.
Harvest
A substantial amount of the crop yield produced can be lost 
if	harvesting	is	not	done	correctly.	To	make	sure	that	losses	at	
harvest are minimal, harvest at the right time, using the right 
method and handle the harvest carefully.
Banana cannot be stored for long periods after harvesting 
because	ripening	is	rapid	following	bunch	harvest.	Most	mats	
will	produce	bunches	at	about	the	same	time	at	the	first	harvest	
after	sucker	planting.	In	subsequent	years,	as	‘daughter’	
replace	‘mother’	plants,	bunches	are	harvested	throughout	the	
year	with	a	peak	crop	season	following	flowering	in	the	rainy	
season.
Coffee,	on	the	other	hand,	is	harvested	during	flushes	and	the	
berries are either sold to the processing plant or dried on a 
tarpaulin and stored for sale at a later date.
Harvest	coffee	once	per	week	to	avoid	losses	of	over	ripe	berries.	
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Box. Guidelines for safe use of agricultural chemicals
1. Place of purchase
•	 	Purchase	chemicals	from	licensed/registered	dealers
•	 	Pesticide	should	be	accompanied	by	an	information	leaflet	on	guidelines	on	proper	use	and	
handling of chemical
•	 	Do	not	use	banned	or	prohibited	chemicals.	If	unsure,	consult	your	local	agricultural	agent,	or	
buyers of your produce
2. Choice of chemical
•	 	Use	the	correct	chemical	for	crop	and	pest.	Follow	information	leaflet	on	pest	and	crop
•	 	Use	recommended	chemicals	that	are	accepted	in	the	market.	Confirm	with	your	local	extension	
agent or buyer of coffee
3. Correct timing
•	 	Follow	guidelines.	Check	how	many	days	you	must	allow	between	spraying	and	harvesting
4. Correct quantity
•	 	Apply	the	recommended	quantities
5.	 Correct	mixing
•	 	Follow	guidelines	on	compatibilities
6. Correct application
•	 	Follow	guidelines	on	correct	application	method
7. Correct handling
•	 	Wear	protective	clothing	covering	body,	head	and	face	to	prevent	contact	with	skin,	eyes,	or	
inhaling.	Do	not	face	into	the	wind	when	spraying.
•	 	Keep	materials	for	handling	spillages	ready	for	use	if	needed
•	 	Wash	off	chemical	that	comes	into	contact	with	body	with	water	and	soap
•	 	Wash	your	hands	with	soap	and	water	before	eating,	smoking	or	going	to	the	toilet
•	 	Bathe	and	change	clothes	after	spraying
•	 	Wash	containers	used	to	mix	and	spray	chemicals
•	 	Visit	doctor	if	sick	after	spraying.	Provide	doctor	with	name	of	chemical	and	the	information	leaflet	
for chemical to read.
8. Disposal of chemicals and containers
•	 	Dispose	excess	diluted	chemical	as	per	manufactures’	guidelines
•	 	Do	not	leave	empty	containers	lying	around
•	 	Follow	manufacturers’	instructions	on	disposal
9. Storage and storage period
•	 	Store	pesticides	away	from	human	and	animal	food,	away	from	children,	in	locked	place,	with	warning	
signs
•	 	Keep	chemicals	in	their	original	containers
•	 	Storage	for	period	recommended	by	manufacture.	Do	not	use	after	expiry	date
10. Records
•	 	Keep	records	of	chemicals	used,	when	used,	where	used
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Bananas	are	harvested	green	but	only	when	the	fingers	have	filled	
properly.	If	bunches	are	to	be	sold,	check	the	field	once	each	
week	to	determine	the	amount	of	crop	that	will	be	ready	each	
week	so	that	harvest	and	crop	collection	can	be	arranged	in	good	
time.
To reduce harvest losses of banana:
 • Harvest	when	fingers	are	full	but	still	green.
 • 	Cut	the	peduncle	(i.e.	the	stalk	connecting	the	bunch	to	the	
pseudostem) carefully above the last hand. If the bunch is cut 
off	above	the	hooked	part	of	the	peduncle,	the	hook	can	serve	
as	a	handle	when	lifting	the	bunch.	Where	this	is	not	necessary,	
leave	as	much	of	the	stalk	in	the	field	to	reduce	nutrient	removal	
and	the	weight	of	material	to	be	transported.
 • 	Lower	the	cut	bunch	to	the	ground	carefully,	avoid	bruising	after	
harvest and store in a cool place.
To reduce harvest losses in coffee:
 • 	Pick	only	ripe,	red	berries	(Photo	21).	Leave	green	berries	on	the	
tree to ripen.
 • 	Avoid	dropping	berries	onto	the	soil	surface	by	careful	picking	
and	harvesting	the	field	every	seven	days.	Harvesting	is	much	
easier	when	coffee	trees	are	properly	pruned.
Table 20.	 Examples	of	herbicides	that	can	be	used	to	control	weeds	in	 
banana–coffee system.
Chemical Types of weeds controlled When to apply
Glyphosate Non-selective,	controls	grasses	and	broad-leafed	plants Applied	to	weeds	after	they	
emerge
Sulfosate Non-selective,	controls	grasses	and	broad-leafed	plants Applied	to	weeds	after	they	
emerge
Glufosinate-
ammonium
Non-selective,	controls	grasses	and	broad-leafed	plants Can be applied to soil to prevent 
emergence	of	weeds,	and	also	
be	applied	to	weeds	after	they	
emerge
*Avoid herbicide drift to banana and coffee plants
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 •  If coffee is to be sold as dried 
berries, dry the ripe berries soon after 
harvesting.	Dry	about	for	3–5	weeks	
on a good quality canvas tarpaulin, 
turn the coffee as it dries and store 
dried beans in a cool dry environment. 
If	rains	fall	when	the	coffee	has	been	
spread	out	to	dry,	cover	the	coffee	with	
a tarpaulin or move to shade to avoid 
	re-wetting.	Berries	become	mouldy	if	
they are not dried properly (Photo 21). 
Moulds cause taints to the taste of 
coffee, discolour or even form poisons 
in	the	beans	and	therefore	lower	the	
quality of coffee
 • 	If	the	coffee	is	sold	to	a	pulpery	make	
sure the quality of berries meets the 
required criteria (i.e. limits on dirt 
content, number of green berries). IITAPhoto 20. Bunch bearing 
plants, can be supported 
using pegs, to prevent 
them from toppling.
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Photo 21. Coffee harvesting and drying. (A) Harvest ripe berries carefully and place 
in a dry container. (B) For dry processing, dry berries in the sun on clean surface (e.g. 
tarpaulin) before delivery to the collection point. (C) Sometimes harvesting is in the rainy 
season (e.g. in parts of Uganda), drying can be a challenge. Berries harvested on different 
days	should	be	dried	separately	to	avoid	re-wetting.	(D) Berries go mouldy and lose 
quality	if	they	are	contaminated	with	soil	or	are	not	dried	properly.
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Key checks
Use pest– and disease–free planting materials and, if possible, 
use resistant planting materials.
Monitor the crop closely for the presence of pests and diseases 
by	carrying	out	regular	crop	inspections:	when	pests	and	
diseases are detected early, control measures may only be 
required over small areas and economic damage to the crop is 
small.
Be	on	the	lookout	for	diseases	and	pests	in	the	neighbouring	
fields	or	in	the	surrounding	area.
If using chemicals, apply insecticides and fungicides that are 
recommended	for	use	in	coffee	and	always	follow	instructions	
on	pack.
Keep	fields	weed-free	to	reduce	competition	by	mulching,	
hand-pulling	or	spraying	with	recommended	herbicides.
In mature plantations of Robusta, if the mass of roots is too 
thick,	disturb	the	soil	around	the	banana	to	damage	some	of	the	
coffee roots.
Harvest	banana	bunches	when	fingers	are	full	but	still	green,	and	
coffee	berries	when	ripe	and	red.
Handle harvested banana bunches and coffee berries as 
required	by	the	market.
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7. Economic analysis
Before	introducing	new	farming	practices,	it	is	important	to	have	
an	idea	of	the	kind	of	benefits	that	will	be	obtained.	Once	the	
technology	has	been	introduced,	actual	benefits	obtained	can	
then	be	calculated.	The	benefits	can	be	in	terms	of	yield	increase,	
reduction in investments (e.g. on time and labour) and increased 
profitability.
The	likely	benefits	of	a	new	technology	are	calculated	based	on	
estimated	data	while	actual	benefits	are	based	on	actual	data	
collected	on	introduction	of	the	new	farming	practice.
Below	are	some	simple	calculations	that	can	provide	useful	
insights	into	the	likely	costs	and	benefits	while	needing	only	a	
minimal amount of data/information.
Agronomic benefits
The agronomic efficiency (AE)	of	fertilizer,	which	is	the	effect	of	a	
unit of nutrient applied on yield, can be calculated as:
AE
Y Y
Amount of nutrient applied
fert no fert=
-( )
Where Yfert is yield of fertilized crop, Ynofert	is	yield	of	crop	without	
fertilizer,	yield	and	amount	of	nutrient	can	be	in	kg/ha,	or	kg/acre.
For	example,	if	Yfert	was	2217	and	Ynofert	was	1249	for	mono-
cropped	coffee,	and	200	kg	of	urea	was	applied	to	supply	nitrogen	
(urea has 46% nitrogen), then:
Amount of nitrogenapplied =
x
=
200 46
100
92
and
AE =
−
=
( )
.
2217 1249
92
10 5
So,	for	every	kg	of	N	applied,	an	additional	10.5	kg	coffee	was	
produced.
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Economic benefits
The economic returns from investments in fertilizer can be 
estimated by calculating the amount of yield required to buy one 
kilogram	of	fertilizer.	This	is	called	the	input/output price ratio and 
is calculated as:
input output price ratio
P
P
fert
yield
/ =
Pfert is	price	of	one	kg	of	fertilizer	and	Pyield	is	price	of	one	kg	of	
yield.
For	example	if	Pfert	was	USD	1.2	and	Pyield	was	USD	0.07	for	
banana, then
input output price/
.
.
.= =1 2
0 07
17 1
To estimate the return on investments in fertilizer, the value of 
additional	yield	with	fertilizer	can	be	compared	with	the	cost	of	
fertilizer. The value/cost ratio (VCR),	also	known	as	the	benefit cost 
ratio, is calculated as:
( )
VCR
Y Y P
Amount of fertilizer applied P
fert no fert yield
fert
=
- x
x
Yields	and	amount	of	fertilizer	can	be	in	kg/ha	or	kg/acre,	and	
price	per	kg.
In the intercrop system, the returns to money invested in fertilizer 
can be calculated as:
( )
VCR
Y Y P Y Yfert no fert yield fert no
=
[ ] + -(
Banana
fert yieldP
Amount of fertilizer applie
)x[ ]
Coffee
d Pfertx
- x
As a rule of thumb, a value/cost ratio greater than 2 is needed for 
an investment to be economically attractive to farmers.
84
If	additional	information,	for	example	on	costs	of	labour,	weeding,	
pruning,	de-suckering	and	pest	control	is	available,	more	detailed	
calculations	can	be	carried	out.	(See	Table	21,	below	for	example	
on	use	of	fertilizer	in	mono-crops	and	inter–crops).
Table 21.	 Economic	benefits	of	fertilizer	use	in	coffee	mono-crops	and	banana-coffee	
intercrops in Robusta system.
Mono-crop Intercrop
Without fertilizer With fertilizer Without fertilizer With fertilizer
Price	of	coffee	($/kg) 1.03 1.03 1.03 1.03
Price	of	banana	($/kg) 0.07 0.07 0.07 0.07
Yield	of	coffee	(kg/ha/year) 1249 2217 1088 2197
Yield	of	banana	(kg/ha/year) 9271 11071
Cost of fertilizer
Purchase 243 193
Transport 4 3
Labor for application 3 3
Calculations:
Value of coffee 1249 × 1.03 = 
1286
2217 × 1.03 = 
2283
1088 × 1.03 = 1120 2197 × 1.03 = 
2262
Value of banana 9271 × 0.07 = 649 11071 × 0.07 
= 775
Total value of system 1286 2283 1120 + 649 = 1769 2262 + 775 = 
3037
Total cost of using fertilizer 243 + 4 + 3 = 250 193 + 3 + 3 = 
199
Change in value of yield(s) 
with	fertilizer	use
2283	-	1286	=	998 3037	-	1769	=	1268
Value cost ratio (VCR) for 
fertilizer use
998 ÷ 250 = 4.0 1268 ÷ 199 = 6.4
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Certification schemes
Certification	and	verification	schemes	for	coffee	can	help	improve	
quality and therefore the price of produce sold. Find out if such 
schemes	exist	in	your	location	and	join.	If	none	exist,	explore	with	
neighbouring farmers the possibility of joining such schemes. 
Coffee	certification	schemes	currently	found	in	SSA	include	
‘Fairtrade,	‘Rainforest	Alliance’	and	‘UTZ	certified’.
Choose	certification	schemes	that	contribute	to	increased	
productivity	as	well	as	sustainability!
Integration into the farming system
Whilst	farmers	can	get	better	returns	by	growing	banana–coffee	
together, the system can have impacts on other enterprises or 
activities on the farm. There are several issues that should be 
taken	into	consideration	when	tailoring	the	cropping	system	into	
the farming system:
Nutrient use efficiency
Very	few	farmers	apply	mineral	fertilizers	to	banana,	despite	
clear evidence that moderate applications can double yields. 
By contrast, farmers recognise the need for fertilizers on coffee. 
When	intercropped	with	coffee,	the	banana	can	scavenge	fertilizer	
nutrients	that	are	not	taken	up	by	the	coffee	crop.	The	efficient	
use of the applied nutrients that results contributes to both cash 
income from coffee and enhanced banana production.
Labour
Unlike	annual	crops,	the	banana–coffee	cropping	system	requires	
labour throughout the year. It is therefore more labour demanding 
and	can	compete	with	other	activities	on	the	farm.	It	is	important	
to	plan	the	activities	on	the	farm	well	so	that	the	available	labour	is	
used	efficiently.
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Livestock and nutrient cycling
Banana–coffee	intercrops	perform	well	in	regions	that	are	also	
suitable	for	livestock.	Often,	farms	are	small	and	farmers	cannot	
grow	sufficient	fodder	for	livestock.	In	such	cases,	crop	residues	
from	the	bananas	may	be	fed	to	livestock	rather	than	retained	in	
field	as	mulch.	Where	banana	residues	are	fed	to	livestock,	most	
of the nutrients contained in the residues can be returned to the 
banana–coffee system as animal manure. Coarse grasses that 
are	not	suitable	for	feeding	of	livestock	or	old	thatch	can	be	used	
as an alternative source of mulch material.
Risk
Before introducing the banana–coffee system, remember that 
unlike	annual	cropping	system,	the	banana–coffee	system	is	
permanent.	Once	established,	it	is	not	easy	to	change	to	another	
cropping system.
When	faced	with	poor	prices	of	coffee,	some	farmers	let	their	
coffee	grow	wild,	then	rehabilitate	when	prices	improve.	But	in	the	
banana–coffee	system,	it	may	be	best	to	cut	back	the	coffee	trees	
to	rejuvenate	the	trees	when	coffee	prices	are	poor.
Synergy
The	system	can	be	introduced	without	necessarily	affecting	
production	of	annual	crops	in	the	first	year.	When	banana	and	
coffee are young, farmers can continue to plant other crops in the 
field	as	before.	The	banana–coffee	system	can	also	benefit	from	
the annual crops.
For	example,	if	coffee	seedlings	are	planted	within	a	tomato	field,	
copper sprayed on tomatoes also controls diseases in the young 
coffee.	If	the	annual	crop	is	a	legume	that	fixes	nitrogen,	banana	
and	coffee	can	benefit	from	the	improved	soil	fertility.
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Key checks
Keep	good	records	for	use	in	calculation	of	benefits	and	costs.
A value/cost ratio greater than 2 is needed for an investment to 
be economically attractive to farmers.
Choose	certification	schemes	that	contribute	to	increased	
productivity	as	well	as	sustainability!
Before introducing the banana–coffee system, remember that 
unlike	annual	cropping	system,	the	banana–coffee	system	
is	permanent.	Once	established,	it	is	not	easy	to	change	to	
another cropping system.
When	faced	with	poor	prices	of	coffee,	it	may	be	best	to	cut	
back	the	coffee	trees	to	rejuvenate	the	trees	when	coffee	prices	
are poor.
When banana and coffee are young, farmers can continue to 
plant	other	crops	in	the	field	as	before.	The	banana–coffee	
system	can	also	benefit	from	the	annual	crops.
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8. Conclusions
In	this	guide	we	have	described	the	characteristics,	use,	
advantages and disadvantages, and soil and climate requirements 
of banana–coffee intercropping systems in Africa. Yield gap is a 
useful	way	to	investigate	the	potential	for	yield	improvement	at	
a	particular	site.	We	reviewed	the	field	practices	for	establishing	
banana–coffee	systems	either	as	new	farms	or	by	introducing	
banana in coffee farms or vice versa.
We have described the use of integrated soil fertility management 
to improve the productivity of banana–coffee systems by focusing 
on the use of suitable high quality germplasm, proper plant 
spacing to achieve a balanced canopy of banana and coffee 
plants, crop residue and pest and disease management.
We then consider methods to assess the economics of introducing 
banana–coffee	systems	and	how	they	can	be	integrated	into	a	
farm	system.	We	hope	that	extension	workers	and	others	will	
find	this	guide	useful	in	their	work	to	improve	the	productivity	of	
banana–coffee systems in Africa.
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9. Look-up tables
Look-up Table 1.	 Nutrient	and	water	content	of	manures	and	residues	commonly	
available	in	sub-Saharan	Africa.
Material
N P K Ca
Water 
content
kg/t material %
Human faeces 10 2 3
Cattle faeces 3 1 1
Pig faeces 5 2 4
Fresh cattle manure 4.0–6.0 1.0–2.0 4.0–6.0 2.0–4.0 60
Composted cattle manure 15 12 21 20 35
Farmyard manure 10 8 12 8 50
Goat manure 8 7 15 8 50
Sheep manure 10 7 15 17 80
Pig manure 7.0–10.0 2.0–3.0 5.0–7.0 12 80
Poultry manure 14–16 2.5–8 7.0–8.0 23 55
Garbage compost 6 2 23 11 40
Sewage	sludge 16 8 2 16 50
Sugarcane	filter	cake 3 2 0.6 5 75–80
Castor	bean	cake 45 7 11 18 10
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Look-up Table 2. Nutrient conversion factors.
From Multiply by To get/From Multiply by To get
NO3 0.226 N 4.426 NO3
NH3 0.823 N 1.216 NH3
NH4 0.777 N 1.288 NH4
P2O5 0.436 P 2.292 P2O5
K2O 0.83 K 1.205 K2O
SO2 0.500 S 1.998 SO2
SO4 0.334 S 2.996 SO4
SiO2 0.468 Si 2.139 SiO2
MgO 0.603 Mg 1.658 MgO
CaO 0.715 Ca 1.399 CaO
CaCO3 0.560 CaO 1.785 CaCO3
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CIALCA,	Banana	streak	disease	and	banana	mosaic	disease.	
Banana	extension	materials.
CIALCA,	Banana	fungal	diseases.	Banana	extension	materials.
CIALCA,	Banana	leaf	spot	diseases:	Yellow	Sigatoka	
(Mycosphaerella musicola)	and	Black	Sigatoka	(Mycosphaerella 
fijiensis).	Banana	extension	materials.
The banana extension materials developed by the Consortium 
for Improving Agriculture-based Livelihoods in Central Africa 
(CIALCA) provide useful information on management of the 
system. 
www.cialca.org/index331b.html?option=com_content&view
=article&id=82&Itemid=96
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Agroecological	distribution	of	banana	systems	in	the	Great	Lakes	
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The reference describes the principal banana growing areas 
in the Great Lakes region of east and central Africa
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Management. Africa Soil Health Consortium, Nairobi
Introduction to the principles and practice of integrated soil 
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canephora Pierre ex Froehner	(Robusta	coffee);	Coffea liberica Bull 
ex Hiern.	(Liberica	coffee);	Coffea excels Chev.	(Excelsa	coffee)].
In Wichmann, W. (Ed), World Fertilizer use Manual. International 
Fertilizer Association, Paris.
Source of data on nutrients in coffee. The data was used in 
Figure 15
Jahnke,	H.E.	(1982)	Livestock	production	systems	and	livestock	
development	in	tropical	Africa,	Kieler	Wissenschafsverlag	Vauk,	
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The reference provides useful information on economic 
analysis of data.
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National	Farmers’	Association	farmer	guide	series,	Uganda.	
Uganda	National	Farmers’	association,	Uganda.
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production
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fertilizer use manual, International Fertilizer Association, Paris.
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Source of data on nutrients in plant parts of banana. The 
data was used in Figure 15
Minai, J.N., Nyaga, M.K., Mburu, J.N., Nzue, J., Wanja, E. (Eds) 
(2009). The Coffee Atlas. Coffee Research Foundation, Ruiru, 
Kenya.
The atlas provides information on nutrient deficiencies, 
pests and diseases of coffee
Minai, J.N. (2011) Coffee Production Recommendations, the 
Coffee Research Foundation, Ruiru, Kenya.
This is a good source of information on fertilizer 
recommendations and management of coffee.
Newley,	P.,	Akehurst,	A.,	Campbel,	B.	(2008).	Banana	Growing	
Guide: Cavendish Bananas. Published by N.S.W. Department of 
Primary	Industries.	State	of	New	South	Wales.
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Okalebo,	J.R.,	Gathua,	K.W.,	Woomer,	P.L.	(2002)	Laboratory	
methods	of	soil	and	plant	analysis:	a	working	manual.	2nd	edition.
The reference was the source of data for foliar nutrients in 
Arabica coffee and banana presented in Table 10
Robinson, J.C., Sauco, V.G. (2010) Bananas and plantains. 2nd ed, 
CABI.
A useful book on scientific principles of banana production 
and how these relate to practices.
Tushemereirwe,	W.K.,	Kashaija,	I.N.,	Tinzara,	W.,	Nankinga,	C.,	
New,	S.	(Eds.)	(2001).	Banana	production	manual:	a	guide	to	
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The reference has useful information on banana production
Twyford,	I.T.	(1967)	Banana	nutrition:	A	review	of	principles	and	
practice. Journal of Science and Food Agriculture 18, 177–183.
Twyford,	I.T.,	Walmsley,	D.	(1974)	The	mineral	composition	of	the	
robusta banana plant IV: The application of fertilizers for high 
yields. Plant and Soil 41, 493–508.
This reference and Twyford (1967) discuss nutrient 
requirements for banana
Van	Asten,	P.J.A.,	Wairegi,	L.W.I.,	Mukasa,	D.,	Uringi,	N.O.	(2011)	
Agronomic	and	economic	benefits	of	coffee–banana	inter–
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Source of data used in Figures 6 and 7
van	Asten,	P.J.A.	Wanyama,	I.,	Mukasa,	D.,	Nansamba,	Kisaakye,	
J., Sserubiri, I., Bongers, G., Jassogne, L. (2012) Mapping and 
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Wairegi,	L.W.I.,	van	Asten,	P.J.A.,	Tenywa,	M.M.,	Bekunda,	M.A.	
(2010) Abiotic constraints override biotic constraints in East 
African highland banana systems. Field Crops Research 117, 
146–153.
Source of Figure 8 and source of some of the data used for 
Figure 12
Wintgens,	J.N.	(Ed.)	(2009)	Coffee:	growing,	processing,	
sustainable	production.	A	guidebook	for	growers,	processors,	
traders and researchers. Wiley.
A useful reference book for coffee production, e.g. some of 
the information in Table 6 was adapted from this book.
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11. Glossary
Arching: Young plants are bent over, string is tied to bent stem, 
then	tied	to	stake	pushed	into	the	ground	to	hold	stem	in	position.
Bi-modal rainfall:	Rainfall	that	comes	in	two	seasons	in	a	year.
Bunch: Fruit of banana plant
Capping:	The	tip	of	stem	is	cut-off
Compound fertilizers: A fertilizer that has contains more than one 
nutrient.
Corm: A short vertical underground stem.
Cross-pollination:	Pollen	from	one	flower	pollinates	another	
flower
Cuttings:	Single-node	sections	are	cut	from	suckers.	The	suckers	
are harvested from a mother plant
Desuckering:	Removing	twigs	that	grow	from	the	main	stem	in	
coffee,	and	small	plants	growing	at	the	base	of	a	banana	stem.
Dieback: Leaves fall off, branches die. Caused by having more 
coffee cherries than the plant can sustain.
Drip-line:	The	line	around	the	coffee	tree	where	most	of	the	rain	
that falls on the tree is shed.
Etiolated:	Plants	that	are	weak	and	yellow	due	to	lack	of	sufficient	
light.
Fly crop:	When	coffee	is	harvested	twice	a	year,	one	harvest	tends	
to	be	smaller	and	is	called	the	fly	crop.
Fruit set:	Change	from	flower	to	fruit
Grafting:	A	sucker	is	cut-off	from	a	plant,	placed	in	cleft	made	on	
a	root	stock,	and	the	union	is	tied	to	facilitate	joining.
Hybrids:	Made	by	crossing	two	different	varieties
Main crop:	The	larger	harvest	in	coffee	harvested	twice	in	a	year.
Mat:	A	family	of	banana	plants	with	interconnected	living	
corms. Ideally should be a single mother plant, daughter and 
97
granddaughter.
Mono-crops:	growing	single	crops
Monocotyledonous:	Plants	whose	seeds	have	one	cotyledon.	
The	plants	have	leaves	with	parallel	veins.
Mother plant:	The	oldest	plant	in	a	mat.	Can	be	flowering	or	
bearing	a	banana	bunch	In	coffee,	plant	from	which	materials	for	
propagation	(e.g.	suckers	for	cuttings,	seeds)	are	got.
Phenology:	For	banana	and	coffee,	the	growth	stages	from	
planting to maturity
Pruning: Cutting off selected branches
Pseudostem: A false stem made up of rolled leaf sheaths
Self-pollination:	flower	pollinates	itself
Straight fertilizers: A fertilizer that has contains one nutrient
Stumping: In coffee, cutting off most of the main stem and 
leaving a small part above the soil surface
Suckers:	Twigs	growing	upwards	from	the	main	stem	in	coffee.
Sword suckers:	suckers	that	are	closely	attached	to	the	mother	
plant.	They	have	small	leaves	that	are	sword-shaped.
Tap root:	Usually	a	single	root	that	grows	downwards,	from	which	
small	roots	grow.
Top-working: Cuttings of improved coffee are grafted on old 
trees.
Overbearing: Coffee trees has more fruit than it can support 
sustainably.
Overcrowding: Presence of too many plants in a given area. The 
plants	compete	for	nutrients,	water	and	light.
Propagated vegetatively: Produced from cuttings and not from 
seed.
Water suckers:	Suckers	loosely	attached	to	mother	plant.	The	
suckers	have	large	broad	leaves.
Weed-free:	Without	weeds
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12. Acronyms and abbreviations
Al aluminium
ASHC African Soil Health Consortium
B Boron
BBC bacterial blight of coffee
BBTD banana bunchy top disease
BXW	 banana	Xanthomonas	wilt
C Centigrade
C:N carbon to nitrogen ratio
Ca Calcium
CBD coffee berry disease
Cl Chlorine
CLR coffee leaf rust
CLR coffee leaf rust
cm centimetre
Cu Copper
CWD	 coffee	wilt	disease
DAP diammonium phosphate
DRC Democratic Republic of the Congo
FAO	 Food	and	Agriculture	Organisation	of	the	United	Nations
Fe Iron
G Gram
ha hectare (1 ha = 2.47 acres)
IITA International Institute of Tropical Agriculture
ISFM integrated soil fertility management
K potassium
K20	 potassium	oxide
KCl potassium chloride
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kg	 kilogram
LER land equivalent ratio
m metre
masl metres above sea level
Mg magnesium
MgO	 magnesium	oxide
mm millimetre
Mn manganese
N nitrogen
Na sodium
NGO	 non-governmental	organisations
P phosphorus
P205 phosphoric acid
SSA	 sub-Saharan	Africa
Si silica
t tonne
TSP triple superphospate
VCR value/cost ratio
WUR Wageningen University
Zn	 Zinc
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Appendices: Banana Pests and Diseases Extension Materials
These	farmer-friendly	extension	materials	have	been	produced	
by	CIALCA	–	the	consortium	for	improving	agriculture-based	
livelihoods in Central Africa (cialca.org). They are reproduced here 
with	kind	permission	from	the	consortium.
1. Banana tissue culture
http://www.cialca.org/files/files/extension_materials/tissue-culture_english.pdf
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2. Banana macropropagation
http://www.cialca.org/files/files/extension_materials/macro-propagation_english.pdf
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3. Banana soil fertility problems 1/2
http://www.cialca.org/files/files/extension_materials/fertilite_nutrients1_english.pdf
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4. Banana soil fertility problems 2/2
http://www.cialca.org/files/files/extension_materials/fertilite_nutrients2_english.pdf
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5. Zero	tillage	mulch	banana	system.	Banana	extension	materials
http://www.cialca.org/files/files/extension_materials/zerotillage_english.pdf
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6. Damage to bananas caused by nematodes
http://www.cialca.org/files/files/extension_materials/sheet_degatsnematode_english.pdf
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7. Banana	weevil	Cosmopolites sordidus
http://www.cialca.org/files/files/extension_materials/sheet_weevil_english.pdf
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8. Banana	Xanthomonas	wilt	(BXW)
http://www.cialca.org/files/files/extension_materials/bxw_english.pdf
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9. Banana bunchy top disease
http://www.cialca.org/files/files/extension_materials/BBTV_english.pdf
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10. Fusarium disease of banana (Panama disease)
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11. Banana	streak	disease	and	banana	mosaic	disease
http://www.cialca.org/files/files/extension_materials/BSV-CMV_english.pdf
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12. Banana fungal diseases
http://www.cialca.org/files/files/extension_materials/fruit_fungal_diseases_english.pdf
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13. 	Banana	leaf	spot	diseases:	Yellow	Sigatoka	(Mycosphaerella 
musicola)	and	Black	Sigatoka	(Mycosphaerella fijiensis)
http://www.cialca.org/files/files/extension_materials/sheet_leafspots_english.pdf
Africa Soil Health Consortium – improving soil fertility, 
improving food production, improving livelihoods
ASHC	works	with	initiatives	in	sub-Saharan	Africa	to	encourage	the	uptake	
of integrated soil fertility management (ISFM) practices. It does this primarily 
by	supporting	the	development	of	down	to	earth	information	and	materials	
designed to improve understanding of ISFM approaches.
ASHC	works	through	multidisciplinary	teams	including	soil	scientists	and	
experts	on	cropping	systems;	communication	specialists,	technical	writers	
and	editors;	economists;	monitoring	and	evaluation	and	gender	specialists.	
This approach is helping the ASHC to facilitate the production of innovative, 
practical information resources.
ASHC defines ISFM as: A set of soil fertility management practices that 
necessarily include the use of fertilizer, organic inputs and improved germplasm 
combined	with	the	knowledge	on	how	to	adapt	these	practices	to	local	
conditions,	aiming	at	optimizing	agronomic	use	efficiency	of	the	applied	
nutrients and improving crop productivity. All inputs need to be managed 
following	sound	agronomic	and	economic	principles.
The Integrated Soil Fertility Management Cropping Systems Pocket Guide series is an output of 
the Africa Soil Health Consortium (ASHC), which is coordinated by CABI. 
This	pocket	guide	was	first	published	in	2014	by	ASHC	
CABI,	ICRAF	complex,	P.O.	Box	633-00621,	Nairobi,	Kenya
Tel:	+254-20-722	4450/62			Fax:	+254-20-712	2150			Email:Africa@cabi.org 
Website: www.cabi.org/ashc
